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RUDIMENTARY TREATISE 

ON 

THE ART OF PAINTING ON GLASS, 

OR 

GLASS-STAINING. 



INTRODUCTION. 

1. The beautiful art of glass-painting is not only 
restored, in our day, to the perfect fulness of its 
ancient splendour, but also has acquired, through 
the giant strides of the science of chemistry, and 
the great progress latterly made in the arts of 
design, an amount of technical and sesthetical 
power, far exceeding whatever could formerly be 
called to its aid. 

Notwithstanding this advantage, however, the 
art has not yet reached that wide state of diffusion 
which, from the exquisite effects it is capable of 
producing, it deserves, and which it attained in 
the olden time, even with its then more limited 
capabilities. 

2. This circumscribed use of glass-painting can 
scarcely be accounted for by a comparison of the 
religious circumstances of our age with those of 
the past, or on the supposition that this art, 
confining itself exclusively to exhibition in sacred 
edifices, had therefore been lost among the 
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2 INTRODUCTION. 

frivolous tastes which at present prevail. On 
the contrary, the works of the finest masters of 
the art have shown that the wonderful effects of 
glass -painting may be brought into use for other 
purposes than the service of the Church, and may 
be made to satisfy not less the worldly demands 
of our generation, than the more devotional 
feelings of the middle ages. 

The obstacles which, on the revival of the art, 
have interposed to check its further extension, 
and therefore to diminish also the general demand 
for its productions, are much rather to be attri- 
buted to those in whose hands it rests, than to 
any thing properly belonging to itself; they 
originate, in fact, less in the art than with the 
artists. 

3. One of the principal causes of the earlier 
decay of glass-painting was, that its rules being 
based so entirely upon empirical* principles, those 
who practised it were accustomed to consider the 
knowledge they had acquired in the thorny path 
of tedious and long -continued experiment, as 
their most valuable personal property, forming at 
once the means of their subsistence, and the foun- 
dation of their future artistical fame. They there- 
fore not only kept the information they had 
gained profoundly secret during their lives, but 
even carried it with them to their graves, in pre- 
ference to leaving it behind them to be made use 
of by their scholars. 
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This easily intelligible, but not on that account 
the less reprehensible egotism, — this avarice for 
artistical monopoly, also operates in some measure 
to damp the speculative ardour of the present 
day, and constitutes, in fact, the primitive cause 
of the evil of which we complain. 

On the other hand, the most conducive element 
towards the full and free development of power 
generally, and particularly of artistical talent, is 
competition. It multiplies production, invites 
public judgment and comparison, and calls forth 
a laudable emulation, tending, in return, not only 
to promote the excellence of the works produced, 
but, by aiming at popularity, also to create an 
ever new demand for their increase and multi- 
plication. 

4. The directions which form the principal 
part of the following pages have already been 
published at different times, in earlier communi- 
cations of the same author scattered through 
German scientific periodicals, but have now been 
collected, enlarged, unproved, and rembdelled 
into the present form, in the hope that their 
more general circulation may put into the pos- 
session of the many that information which was 
formerly jealously guarded by the initiated few, 
and thereby such a general interest may be pro- 
moted as cannot fail to be beneficial to the art. 

The recipes have been carefully selected, and 
their correctness and efficacy proved by many 
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years' practice; and it has been endeavoured to 
make them so easy of comprehension, that neither 
those unacquainted with chemistry shall fail in 
their preparation, nor those unpractised in the 
art go astray in their application. 

5. In the classification of the pigments into 
Fused and Mixed Colours, (understanding by the 
first all those which are fused into a glaze together 
with the flux before laid on, and by the second 
all colouring bodies burnt into the glass without 
such previous process, whether requiring the help 
of a flux or not,) the theory given by the Author 
in his late work on the ' History of Glass Paint- 
ing ' has been adhered to. This division has the 
advantage of avoiding those errors which had 
their origin in the early homonymic of flux, for 
the oxide previously melted with the flux, and 
for the fluxing medium itself. 

It is hoped that these few pages may be the 
means of prompting, not only artists by pro- 
fession, but also amateurs, to such an increased 
and successful exercise of the art, as may tend 
to show forth its beauties and capabilities to the 
world in a more general and extended manner 
than heretofore. 
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CHAPTER I. 

OF THE PIGMENTS AND FLUXES £ AND THE 
METHODS OF PREPARING THEM. 

6. Glass painting or staining* may be 
defined to mean, the art of painting on trans- 
parent glass (either colourless or already coloured 
in the process of its manufacture) with vitrescible 
metallic colours, which are afterwards burnt into 
the surface of the glass on which they are laid, 
leaving it more or less transparent. 

7. All colours used in glass-painting are oxides 
of metals, or other metallic combinations. 

They may be divided into two principal classes — 
1. Those whose colouring base, or the oxide, 
is laid upon the glass simply in its 
original combination with an earthy 
vehicle. 

* The words 'painting' and 'staining' seem to be used in 
English synonymously with reference to this art. The former of 
these has been adhered to throughout this work, not only because 
it is more in accordance with the German expression, but because 
it appears more calculated to secure to this species of decoration a 
place (which it decidedly deservew) among the fine arts ; whereas, 
the word staining might simply mean the colouring of glass, with- 
out any reference to design. — Tr. 
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2. Those whose colouring base, or the oxide, 
must be made to adhere by the help of 
a glassy body, — namely, the flux. 

8. The colours which require a flux may be 
divided again into — 

1. Those in which the oxide unchanged, but 

only mixed with the flux, is attached to 
the glass. 

2. Those in which the oxide requires to be 

vitrified, by previous fusion with the 
flux, before it is laid on the glass. 
The last may be called Fused Colours, all others 
Mixed Colours. 

9. The classification above given may be made 
clearer by the following explanatory remarks. 

Glass-painting is distinguished especially from 
other illuminating processes, in that the colours 
and the foundation on which they are laid must, 
in this art, be fused together in the kiln. 

Now, some few colours combine with the surface 
of the glass, at the temperature of fusion, without 
further previous preparation than the simple lay- 
ing on ; wherefore these give to the glass only a 
colouring cementation or stain. 

Others, on the contrary, in consequence of their 
peculiar nature, can only be made to combine 
with the glass, by fusing them, upon its surface, 
into another thin sheet or layer of coloured glass. 

This is done by means of the flux, a vitreous 
compound, which fuses more easily (i. e. at a 
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lower temperature) than the foundation, the glass 
plate. 

10. The flux may be used in two ways. With 
some colours it may be simply mixed before they 
are laid on, so as to combine, at the temperature 
of fusion, with their oxides, and to unite these 
again with the surface of the glass ; but in other 
cases the flux must, before painting, have entered 
into a chemical combination with the oxides, i. e. 
must have been fused together with them into 
what may be called a Fused Colour, which latter, 
after being pulverized, serves as a pigment. 

This process is rendered necessary in conse- 
quence of the difficulty of fusion of certain oxides, 
which, in order to combine with the flux, and to 
acquire the intended shades of colour, require a 
greater degree of heat than could be made use of 
in burning the colours upon the glass, without 
endangering the success of the operation. 

From this description of the nature of the 
colours and the manner of their combination with 
the glass, we will now pass on to the practical 
directions for their preparation and use ; in 
assurance that the foregoing will not only prevent 
erroneous notions being formed of the nature 
of the different elements entering into the opera- 
tions, but may tend to the perfect understanding 
and successful practice of the directions given. 

Those for white and black pigments are given 
first, the others follow in order. 
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I. WHITE. FUSED COLOUR. 

11. Two parts of bone glass,* with one part 
minium, or red lead, are to be mixed together and 
melted in a covered Hessian crucible placed in a 
wind furnace. The mixture is then to be poured 
out into a flat vessel containing pure cold water, 
and, when cooled, is to be ground with a glass 
muller on a table of thick sheet glass. 

MIXED COLOURS. 

12. One part of bones calcined to whiteness, 
with two parts of flux, ground together on a glass 
plate. 

Flux. Glass of lead (flint glass) .f 

13. One part white oxide of tin, with two parts 
of flux, ground as before. 

Flux. Lead glass. 

14. Preparation of the oxide of tin. — Melt in a 
covered crucible one part of pure tin cuttings. 
When in fusion, add two parts of nitre and 
stir well the mixture with an iron rod. The 
crucible is then to be again covered, placed in 
burning charcoal, and the mixture occasionally 
stirred as before from time to time, until it begins 

* Made by fluxing together eight or ten parts of calcined bones 
(bone ash), and eight of red lead, with about 80 of white glass. 

f German Bleiglas. This, however, contains more lead than 
exists in our English flint-glass: a recipe for it, in one of the 
German Encyclopaedias, is 15 parts dross of lead, and 12 parts 
common glass frit. The ordinary flint-glass may be made to serve 
by adding minium to it, and trials will show the best pro- 
portions. See Art. 88. 
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to get white on the top. Continue the stirring a 
little longer, then pour the mass out of the cru- 
cible into an agate mortar and let it cool. It is 
then to be pulverized, boiled in water, and after- 
wards dried. 

* II. BLACK. MIXED COLOURS. 

15. Two parts oxide of copper (prepared by 
heating nitrate of copper to redness), and one 
part flux. 

Flux. Equal parts of crystallized borax, mi- 
nium, and pounded glass, are to be mixed 
and melted in a crucible for about an 
hour or an hour and a half, in a wind 
furnace, then to be poured in a vessel of 
water, afterwards dried, and powdered on a 
glass plate. 

16. Some oxide of iron, or of manganese, added 
to the former, gives that brownish tone of colour 
which was so peculiar to the ancient glass-paint- 
ings. 

17. One part black protoxide of iron, (prepared 
by mixing red oxide of iron with olive oil to a 
moist powder, and afterwards heating the mixture 
in a crucible till the oil is evaporated,) one part of 
protoxide of copper, (prepared by submitting 
green carbonate of copper to a red heat, and 
washing it in water,) and two and a quarter parts 
flux. 

Flux. Two parts lead glass, ground to a 
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proper degree of fineness on a copper 
plate, or colour stone, with water, and one- 
fourth of a part gum-arabic. The latter to 
be added after the pigment is mixed with 
the glass. All are then to be ground as 
delicately as possible together. 
18. One part oxide of cobalt, one part oxide of 
manganese, one part copper ashes,* and one part 
iron scale from a smith's forge, mixed together 
and heated, at first gently, but afterwards with 
a very strong heat, until the mixture runs freely. 
It is then to be poured into water, and, when cold, . 
pulverized, mixed with twelve parts of flux, and 
ground fine. 

Flux. One part pure white sand, and three 
parts litharge, are to be melted together 
till they flow freely, and then poured out 
on to a warm marble plate, or into an iron 
mortar ; when cold, to be pounded fine and 
washed out with water, in order to remove 
any reduced lead which may be present. 
19* Two parts black protoxide of iron, with 
two and a quarter parts of the flux described in 
Art 17, and treated in the same manner. 

20* One part iron smithy scales, three parts 
oxide of copper, and four parts calcined antimony, 
treated as in No. 18, and ground with three parts 
of flux. 

* An oxide or dross of copper of a coarse kind, known to the 
smelters. 
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Flux. One part of sand, and three parts 
litharge, treated as in No. 18, and ground 
fine with one-third borax. The borax 
must be prepared in the following manner : 
a crucible is to be half-filled with it, and 
put in burning charcoal until the borax 
becomes spongy, or is calcined. It is then 
to be thrown into another crucible and 
melted in a strong fire to a clear flowing 
mass, which is to be poured into cold 
water, and, when cold, ground fine. 

21. One part of purple (see its preparation 
further on), three parts oxide of cobalt, three parts 
iron smithy scales, six parts calcined antimony, 
and three parts copper smalt, * treated as in 
No. 18, and mixed with three parts of flux. 

Flux. One part sand, and two and three- 
quarter parts litharge, are to be treated as 
in No. 18, and ground fine with three- 
eighths of a part of borax prepared as 
above described. 

22. Treat three parts oxide of cobalt, three 
parts oxide of copper, three parts iron smithy 
scales, and four parts antimony, with three parts 
of flux, as described in Nos. 18, 20, and 21. 

Flux. One part sand, two parts litharge, and 
one-fourth part borax, treated as described 
in No. 20. 

23. Two parts black oxide of copper, with two 
* Copper oxide fused with glass and ground. 
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and a quarter parts of the flux described in No. 17, 
and used in the same manner. 

24. A beautiful blue-black may be obtained by 
adding a small part of oxide of cobalt to the pig- 
ments in either Nos. 17, 19, or 23. 

25. A black inclining to brown is produced by 
a similar addition of oxide of manganese. 

26. Dull or dead black, for distances, is pro- 
cured from one part of copper smalt and one part 
crude antimony * calcined (but not so far as to lose 
its blackness), ground together. Or, • 

27. One part copper smalt, and one part un- 
calcined oxide of manganese, treated as before. 
Or, 

28. One part purple, one part oxide of cobalt, 
and one part oxide of manganese, ground fine 
together. 

III. RED. — FUSED COLOURS. 

» 

29. One part oxide of iron, (obtained by heating 
clean iron nails red-hot, dissolving them in nitric 
acid, evaporating the solution slowly by a gentle 
fire, and roasting the residuum,) three parts flux, 
(consisting of one part sand, one part litharge,t 

* The common ore of antimony ; the sulphuret. 

t Note. — It may be understood here, once for all, that where 
sand and litharge are used as flux, as directed in Arts. 32, 36, 40, 
and 73, both these ingredients must be pounded together, melted 
in a crucible by a strong fire, poured into an iron mortar, 
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and one-fourth part borax glass*), well fused 
together, until a glass rod, with which the mass 
is to be stirred, draws fine and clear threads from 
it; then the crucible, with its contents in it, is to 
be thrown into water, and when cool, the pigment 
may be separated, pulverized in an agate mortar, 
and ground fine on a grass plate. 

30. One part oxide of manganese with eight 
parts of flux (one drachm of sand, and three 
drachms litharge), melted together and treated as 
above. 

MIXED COLOURS. 

31. One part sulphate of iron, free from copper, 
or oxide of iron precipitated from the sulphate, 
more or less heated, with two to three parts flux 
ground together, give all shades from a light red 
to a blueish violet. 

Flux. Six parts white siliGious sand washed 
and calcined, four to five parts yellow 
oxide of lead, and two to three parts sub- 



pounded fine when cold, and finally washed out with water, before 
they are added to the pigment. 

But where sand, litharge, and borax glass are indicated for flux, 
as in Nos. 42, 69, 78, and 84, the sand and litharge are, as above 
directed, to be melted and pulverized by themselves^ but the borax 
glass is only to be ground with this latter powder, and not again 
melted with it. 

This remark will save the trouble of repeating the same direc- 
tions in the above-mentioned articles. 
* German Boraxglas, fused borax. 
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oxide of bismuth (made from the nitrate) 
finely powdered, and intimately mixed 
in a porcelain mortar: the mass may 
then be thrown into a covered crucible 
previously brought to a red heat, and 
stirred frequently with a steel rod until 
it flows freely. It is afterwards to be 
poured into water, then dried, powdered, 
and passed through a fine sieve. 

32. Common red is given by one part of sul- 
phate of iron heated by a strong fire, washed four 
or six times in hot water, dried, and finely ground 
on a glass plate, with three parts of flux. 

Flux. One drachm of sand, and three drachms 
of litharge. 

33. In order to give a fixedness to the colcothar, 
or crocus martis,* which otherwise is very fugitive, 
it is proper to calcine it with fine white sea-salt, 
previously brought to a half-glowing heat in a 
covered crucible ; equal parts of each are then to 
be ground well together in an agate or glass 
mortar; a crucible is to be filled with the com- 
position, and kept for two hours in an increasing 
fire till it is surrounded with burning coals on all 
sides ; it may then be removed, the mass cooled, 
pounded perfectly fine, and washed three or four 
times with hot water, stirring it carefully each 

• 

time with a glass tube, in order to wash the salt 
entirely away. When the water no longer takes 

* Yellow or reddish oxide of iron. 
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a red tinge, it is to be poured carefully off, the 
mixture again washed with cold water, dried, and 
ground with one part of the before-mentioned flux 
for use. For greater certainty the sea-salt may, 
previous to using, be dissolved, filtered, and re- 
covered by evaporation of the water. Lastly, it is 
particularly to be advised to employ in the whole 
process, crucibles which have not previously been 
used. 

34. Equal parts of yellow oxide of iron (iron 
ochre), yellow oxide of lead or lead glass, glass of 
antimony, sulphuret of copper, and sulphuret of 
silver, ground fine together with water, and laid 
on the glass without the addition of any flux. 

35. One part of silver which contains copper 
(as for example, that of which the German small 
coin is made), with two parts of raw antimony 
(sulphuret of antimony, the common ore), melted 
together, reduced to powder, and mixed with red 
oxide of iron or colcothar. This pigment also is 
used without flux, and is (as is the former) to be 
laid on in a tolerably thick layer, which will stain 
the surface of the glass red at the proper tem- 
perature of fusion. What remains on the surface* 
afterwards may be removed with a spatula. 

36. One part silver, two parts red antimony, 
and one part sulphur, melted till clear; and mixed, 
for use, with two parts flux. 

Flux. One drachm sand, and two drachms 
litharge. 
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37. Two parts red oxide of iron, one part 
litharge, one part gum, one part lead glass, and 
six parts of best red chalk. 

The lead glass is first to be ground as fine as 
possible on a glass table, then the litharge, the 
gum, and the oxide of iron are to be added ; and 
after these are all properly mixed together, the 
pounded red chalk. The whole must now be 
gently ground and mixed in a tall glass, with as 
much water as will make it the consistence of thin 
syrup ; say four or five ounces. If the operation 
takes place in summer, the glass is to be put in 
the sun ; if in winter, in the warmth of a stove, 
and the fluid must be most carefully preserved 
from all dust, yet without preventing evaporation 
by close covering. This is best done by inverting 
a glass bell over it, on whose sides the moisture 
will collect and flow away. The fluid must remain 
still three days ; all the thick matter will sink and 
adhere to the bottom of the glass, while the liquid 
shows itself above on the sides in transparent 
rings of a beautiful red colour. It is now to be 
carefully poured off, more water added, as before, 
• and the operation repeated as long as any colour 
can be obtained from the sediment. The colour 
is then to be dried in a glass colour-dish by the 
help of a gentle heat (best by placing it in the 
sun), and carefully preserved. While it is yet in 
a fluid state or moist, it always appears more lively 
and clear than when quite dry. In the latter state 



PIGMENTS AND FLUXES 



17 



it is to be used like gamboge, but without grind- 
ing, which would destroy its transparency and 
beauty. If properly prepared and used, however, 
this colour excels in both these qualities the most 
beautiful red of the ancients. 

38. Brick-red is given by one part oxide of 
iron, and twelve parts ochre yellow (prepared from 
one part oxide of iron, produced from the sul- 
phate, and one part oxide of zinc), mixed with five 
parts flux. 

Flux. One part sand, three parts minium, and 
one -eighth part calcined borax; finely 
ground, mixed, melted, and thrown into 
water, dried and pounded, as described in 
No. 31. 

39. Flesh-red is obtained by melting sulphate 
of iron and alum, in a coarsely powdered state, 
and increasing the heat till the appearance of the 
desired colour. The residuum is to be washed 
with hot water, and one to two parts of flux added 
thereto. 

Flux. Six parts white sand, washed and heated 
to redness, four parts yellow oxide of lead, 
one part borax glass, and one part salt- 
petre, treated as in Art. 31. 

40. For dull or dark red, one part of prepared 
blood-stone * is to be pounded and ground on a 
glass plate, with three parts of flux. 

* Hematite. The kidney iron ore of Cumberland. 
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Flux. One drachm sand, and two drachms 
litharge. 

41. Purple, gold-purple, purple of Cassius, is 
obtained by precipitation from a solution of 
chloride of gold, by means of a solution of proto- 
muriate of tin. It receives, according to the 
greater or less quantity of tin in the mixture, and 
the lower or higher degree of oxidation of the 
solution, either a beautiful red colour of various 
shades, as scarlet, carmine red, rose colour, flesh 
colour, &c, or a violet or brown. 

It is to be mixed for use with four parts of 
flux. 

Flux. One part of silica in powder (made by 
calcining the purest flint three or four times 
in a crucible, washing it every time in pure 
water, then powdering it in a porcelain 
mortar, and sifting it through a fine sieve), 
one and a quarter part borax glass, and five- 
eighths of a part minium, melted together, 
and finely powdered. 

42. Dissolve one part of thin-beaten gold in 
nitro-muriatic acid, or aqua regia, pour the solu- 
tion into a glass, and dilute it with fifteen parts 
rainwater. Throw in one and a half part of pure 
tin cuttings, which have been dissolved in muriatic 
acid, and allowed to get cool.* While this is 
being added to the gold solution, the liquor must 

* Literally from the original ; probably it is this quantity of the 
muriate thus formed which is to be poured into the gold liquor. 
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be continually stirred. After the mixture has 
stood quietly a quarter of an hour, half a part of 
clear urine is to be added, and all well stirred 
together. In about two hours the supernatant 
fluid is to be poured from the purple pigment, 
which will be found precipitated, and which is to 
be well washed out. When perfectly dried, put 
it in a flat porcelain vessel, lay a piece of paper 
upon it, and place it on burning charcoal till the 
paper is charred. 

The purple pigment must be used with twelve 
parts of flux. 

Flux. One part sand, two parts litharge, and 
three-fourths of a part borax glass. 

43. Dissolve gold * in aqua regia. If the gold 
has been alloyed with silver, the solution must be 
poured off from the chloride of silver, which 
separates itself. The precipitate must be washed 
with some distilled water, and this latter added 
to the solution, which must then, unfiltered, 
be evaporated by a moderate heat until a thick 
crystalline saline skin is formed, under which, by 
inclining the vessel to one side, only a little of the 
red solution will be found liquid. The mass is 
now allowed to get cool, whereby it becomes 
thoroughly hard; it must be dissolved without 
delay in ten times its weight of water, and filtered, 
by which a small quantity of reduced gold is left 
behind. In order to cleanse the filter, a small 
* The German gold coins are alloyed with silver. 
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quantity of water must be reserved out of the 
prescribed weight, and afterwards this must be 
added to the solution. 

For the preparation of the tin liquor, the crys- 
tallized salt of tin * will answer very well ; if it is 
moist, it must be dried by pressing it between 
unsized paper, f One part of the salt is to be 
dissolved in four parts of distilled water, the 
solution filtered, and used immediately after its 
preparation, as after a time it would become turbid 
by attracting oxygen from the atmosphere, and 
would deposit oxide of tin in a white powder. 

Further, dissolve one part of gum-arabic in 
three parts of hot distilled water, and filter it 
through gray blotting paper, which must be of a 
loose texture, or the gummy fluid will not pass 
through it freely. 

Having now prepared the three fluids in the 
above-mentioned manner, mix three ounces of 
distilled water with twenty-eight grains of the 
gum solution, stir it carefully, and introduce 
fourteen grains of the tin solution. Rinse out the 
vessel in which the latter was weighed with a little 
water; weigh twenty-three grains of the gold 
solut^n and add it to the previous mixture, 
rinsing out the vessel again, but this time, instead 
of clear water, a portion of the compounded 
mixture is to be used for the purpose. The 

* The muriate. 

t Druckpapier, printing paper, which in Germany is unsized. 
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colour which arises during the mixing of the 
fluids is a fiery red brown, but changes when 
burnt in upon the glass into the most beautiful 
purple red. 

The colour may possibly be somewhat altered 
by the action of the acid liberated by the formation 
of the purple precipitate in the fluid ; but this is 
obviated by diluting it with twice its weight of 
water, dissolving ten grains of bi-carbonate of 
potash in the same, and then first mixing it with 
the above-mentioned mixture of the gum and tin 
solutions. 

In order to separate the purple, whose precipi- 
tation is at; present hindered by the gum, spirit of 
wine is to be added to the mixture until it appears 
very turbid: for this purpose, about double its 
weight of 75 per cent, spirit is necessary, if the 
bi-carbonate of potash has been added, otherwise 
three times the weight. In the course of an hour, 
if the mixture has been occasionally stirred during 
the time, the purple falls down in red-brown 
flakes, and the fluid remains clear, or at least very 
little coloured. This must then be decanted, 
some more spirit of wine poured over the pre- 
cipitate, and the whole dropped into a filter* It 
must afterwards be gently pressed out between 
blotting paper, the precipitate removed, and 
ground in a rubbing dish or saucer, with weak 50 
per cent, spirit of wine, to a thin pulp, which is to 
be heated* three minutes in a suitable vessel, and 

* Kochen, — literally, boiled or cooked. 
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then poured into a cylindrical glass. This opera- 
tion is to be repeated, and the gum will then be 
all removed except a little harmless remnant, 
which is essential to be done. Should the 
purple fall slowly from the last solution, and 
exhibit an inclination to re-dissolve, or form a 
clear red sheet tight upon the bottom, a little 
more strong spirit of wine must be added after 
the water is poured off, so that the purple may be 
made to coagulate to a thicker consistency, and 
the last portion of fluid afterwards filtered away. 
The precipitate must, as before, along with the 
filter, be pressed between blotting paper, taken 
off with a blunt knife, and dried in a porcelain 
dish, whereby it becomes much reduced in size, 
and takes a perfectly dull colour. 

For use, the purple is to be levigated on a stone 
with water, until a clear deep-coloured thickish 
fluid is obtained. Two to six * parts of flux are 
then to be added, the levigation continued, and 
afterwards the whole dried in a porcelain dish. 
It may then be made fit for the pencil with 
thickened oil of turpentine, like other glass-paint- 
ing colours. 

* Flux. Eight parts white silicious sand, washed 
and calcined, four parts borax glass, one 
part saltpetre, and one part white chalk : 
treat as in Art. 31. 

* For the reason of the indefinite proportions given here and in 
some other places, see Art. 88. 
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IV, BLUE. FUSED COLOURS. 

44. Three parts oxide of cobalt, prepared in 
the following manner. Clean, roasted cobalt ore 
(zaffre) is to be dissolved in pure diluted nitric 
acid, at a gentle heat, until the solution is satura- 
ted; add water, precipitate the oxide with car- 
bonate of soda, and wash the precipitate with hot 
water. It is then to be dried, mixed with three 
times its weight of pure dry nitre, placed in a 
crucible, and ignited with live coals. When the 
slight decrepitation is over, the oxide of cobalt is 
to be heated to redness, washed out, and dried. 
Three parts of this must now be melted with two 
to five parts of flux (composed of* e^ght parts 
washed silicious sand, four to six parts borax 
glass, one to two parts nitre, and one part white 
chalk), melted in a strong fire for an hour and 
a half, and ground fine for use. 

45. If the cobalt ore can only be obtained raw, 
and it becomes necessary to roast it, the best 
Spanish or Swedish must be chosen, which may 
be tried by solution in nitric acid, diluted with 
two-thirds of water. The ore which gives the 
finest red colour in the solution is the best for 
the purpose, and should be chosen for the pre- 
paration of the colour. In order to free it from 
arsenic, it must be laid on and surrounded with 

* A misprint in the original alters the meaning of this passage ; 
but the sense given in the text is evidently the true one. 
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charcoal on all sides, and burnt until the arsenic 
is deposited in white crystals on the walls and 
stones around, and the cobalt has attained a more 
metallic state and lustre. This operation, how- 
ever, it must be remarked, requires the greatest 
care and precaution, on account of the dangerous 
vapours which arise ; and if a place is not properly 
set apart for it, it should be performed in the 
open air. 

46. Another blue fused colour is given by one 
part oxide of cobalt, and four parts borax glass, 
melted by a strong fire for four hours. The 
difficulty of fusion of the cobalt requires that this 
colour should be ground, for use, with two parts 
of flux, obtained by melting together one part 
rock crystal, and one part borax glass, throwing 
them in water and grinding them fine. 

47. For dark blue, mix intimately four parts 
king's smalt, and about two and a half parts 
minium, in a porcelain mortar: set the mixture 
in a glazed crucible in a very strong fire, until 
perfectly clear glassy threads of a beautiful azure 
blue can be drawn from the mass. It must then 
be taken out of the crucible with a hook, dropped 
into cold water, and afterwards dried and finely 
powdered for use. 

The proportion of minium must be varied 
according to the variable fusibility of the smalt 
which is used. 

48. One part black oxide of cobalt, six parts 
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powdered white glass, and two parts minium ; 
then two parts nitre ; treated as the foregoing. 

49. One part king's blue is to be melted with 
three parts borax glass, pounded, and then ground 

* ♦ with two parts of flux of the same kind, and 
treated in the same manner as No. 46. 

50. Light blue is given by equal parts of best 
king's smalt, white glass (pounded in a bright 
iron or porcelain mortar and sifted), and minium, 
mixed and melted, as in No. 47. 

51. Two parts zaffre, eight parts finely pow- 
dered white glass, six parts nitre, and six parts 
minium, mixed, melted, and ground, as the pre- 
ceding. 

MIXED COLOURS. 

52. Let roasted cobalt (ore) stand quietly for 
two or three days in nitric acid, diluted with two- 
thirds of water, placing it from time to time in hot 
ashes. When the mixture has gradually become 
a clear and fine red colour, pour it very carefully 
off so as to avoid letting any of the sediment go 
over with it. To the latter may be added water 
and more nitric acid, to extract any more red 
colour which can be obtained from it. The 
several solutions are to be mixed together in a 
porcelain vessel. 

To six parts of this red solution add two parts 
of the whitest sea salt, purified as previously 

B 
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described, and when the latter is dissolved, pour 
the fluid from the sediment (which is useless) 
into a porcelain vessel, and set it in hot ashes. 
Let it evaporate some hours, and as often as new 
sediment is formed, pour the fluid carefully away, m 
Continue the heating of the latter, and stir it well, 
especially when it begins to thicken, with a glass 
rod, until at last it changes into a granulous salt 
of the most beautiful blue colour. This salt also 
is to be left an hour or two on the hot ashes, and 
is then to be put in the open air for a few days 
until it becomes crimson red. It is then to be 
replaced in the ashes, when it becomes blue, and 
again in the air, when it becomes red again, and 
this process is to be repeated until no more nitrous 
gas * is evolved when the salt is heated, and until 
a sample of it, placed in a small glass with a little 
water poured over it, becomes red in half an hour, 
without imparting its colour to the water. When 
this point is arrived at, wash the salt carefully out, 
dry the now deep red coloured pigment in a por- 
celain dish, in hot ashes, and bring it once more 
over glowing charcoal, where it changes into a 
beautiful constant blue. 

One part of this is to be mixed for use with two 
and a half parts of flux. 

Flux. One part rock crystal, and one part 
well fused borax glass, pounded together, 

* Salpeterdunste t nitrous vapour. 
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melted, thrown into water, powdered in an 
iron mortar, and ground fine on a glass 
plate. 

V. YELLOW. FUSED COLOURS* 

53. Jonquil yellow is obtained by melting 
together one part antimonic acid, two parts of 
a calcined mixture of equal parts tin and lead, 
one part carbonate of soda, and twenty-four parts 
of flux, composed of one part white silicious sand, 
washed and calcined, and three parts minium. 

54. For citron yellow, mix and melt together 
two parts sand and six parts litharge ; pour the 
mass into an iron mortar, and afterwards pound 
it fine. Then mix with it one part oxide of silver, 
and one-fourth part antimony ore (antimony of 
commerce), and grind the whole well together; 
melt by a strong fire in a Hessian crucible ; pour 
in cold water, and grind for use. 

MIXED COLOURS. 

55. Mix fine powdered antimony with one and 
a half times its weight of saltpetre, decrepitate the 
mass in a glowing crucible, and heat it to redness 
for a quarter of an hour ; powder it when cold, 
and wash it with boiling water. The remaining 
white powder, which consists of the bi-antimoniate 
and bi-antimonite of potash, must be moderately 
heated in a crucible for an hour, with an equal or 
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from that to a double weight of minium, and 
mixed with equal parts of flux for use. 

Flux. One part white silicious sand, washed 
and calcined, and three parts minium, 
ground together, and melted as in Art. 31 

56. Uranium ore must be broken to pieces and 
roasted, afterwards dissolved in nitric acid, the 
solution filtered, and the lead which may be 
present precipitated by dropping in sulphuric 
acid. The clear green solution must then be 
evaporated to dryness, and kept at a red heat 
until it is changed into a yellow saline mass. One 
part of the preparation so obtained is to be ground 
with three parts of flux. 

Flux. Four parts minium, and one part flint 
powder, melted together and pulverized. 

57. Cut one part of pure thin-beaten silver in 
pieces, and break one part raw antimony and one 
part of lump sulphur to powder. Cover the 
bottom of a crucible with these two last-mentioned 
substances, lay upon them a piece of the silver 
leaf, and repeat the operation till all is laid in. 
Place now the crucible in red-hot charcoal, and 
cover it with one piece of the same. As soon as 
the sulphur begins to burn, the mass is in fusion. 
It must then be thrown into clear water, dried, 
mixed with three parts of dark-burnt ochre, and 
pounded perfectly fine. 

The pigment may be used without the addition 
of flux or gum, and laid, to the thickness of the 
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back of a knife, on the reverse side of the glass. 
The superfluous quantity may be brushed off after 
burning. 

58. For a light yellow, proceed as in the former 
case, only using one part of ochre instead of 
three. 

The portion of the yellow colour described in 
the last article, which may remain after the 
burning, may be used again for colouring matter. 

59. The peculiar yellow of the ancient artists 
is obtained by the following process : 

Melt two parts of good sulphuret of antimony 
with one part of silver tolerably free from copper; 
stir the mass together and pour it in a metallic 
mortar, pulverize the resulting sulphuret of an- 
timony and silver, when cold, in the same mortar, 
and preserve it in a stopped phial. From this 
one part is to be taken, levigated with water on 
a copper table to the finest consistence, and mixed 
with four to seven parts of yellow ochre, twice 
heated to redness and washed in water, according 
to the proposed lighter or darker shade of the 
colour. Lay on as in No. 57- 

60. Chloride of silver, and three times its 
weight of burnt ferruginous clay (burnt clay out 
of a baking oven, previously pulverized and sifted), 
are to be levigated with water, and laid on as in 
Art. 57. 

61. One part sulphuret of silver, one part glass 
of antimony, and one part burnt ochre, ground as 
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fine as possible and treated in the foregoing 
manner. 

62. For orange, dissolve pure silver in pure 
nitric acid, and precipitate it by hanging a piece 
of polished tin or copper plate in the solution. 
The flocculent precipitate is to be gathered toge- 
ther, washed in warm water, and ground fine. 

One part of this to be mixed with one to two 
parts of the red colour, No. 37. 

63. One part of silver in powder, precipitated 
from the solution of nitrate by a piece of thin 
copper, must be washed in warm water, ground 
with one part red and one part yellow oxide of 
iron, and laid on as in No. 57. 

VI. GREEN. — FUSED COLOURS. 

» 

64. One part green carbonate of copper, pre- 
pared by precipitating it from a solution of copper 
in nitric acid with carbonate of potash, and after- 
wards properly washing and drying the precipitate; 
four parts powdered white glass, and two parts 
minium, must be well mixed in a porcelain mortar, 
and exposed to a very strong fire in a glazed 
crucible, until threads drawn out appear perfectly 
clear. It must then be taken out of the crucible 

- 

with a hook, thrown into water, dried and pul- 
verized. 

65. Four parts oxide of copper, one part of 
antimonic acid, or antimoniate of potash, and six 
parts flux (composed of six parts sand, four parts 
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yellow oxide of lead, one part borax glass, and 
one part nitre), to be melted together and ground 
fine. 

66. One part copper precipitate, (obtained by 
dissolving sulphate of copper in eight times its 
weight of boiling water, and precipitating the 
copper by keeping a piece of polished iron in the 
solution for twenty-four hours, washing the preci- 
pitate with hot water and drying it,) four parts 
pulverized white glass, and two parts minium, 
treated as in No. 64. 

67- One part oxide of copper, ten parts anti- 
moniate of potash, melted with thirty parts flux 
(viz. one part sand and three parts minium), 

68. One part borate of copper, (obtained by 
dissolving pure sulphate of copper in water, and 
precipitating it with a solution of borate of soda, 
washing and drying the precipitate,) three parts 
white powdered glass, and one part minium, 
mixed and treated as in No. 64. 

MIXED COLOURS. 

69. Dissolve three parts pure oxide of cobalt in 
nitric acid, and two parts tin chippings in muriatic 
acid ; both solutions are then to be thrown 
together into one glass, and precipitated with 
carbonate of potash. The precipitate must be 
collected on blotting paper, washed, dried, put in 
a muffle On a porcelain pot, and exposed for about 
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eight hours to a yellow heat, being frequently 
stirred in the mean time. When cold, one part 
of this green is to be mixed with four parts flux. 
Flux. One part sand, two parts litharge, and 
one part borax glass. 

70. Equal parts of chromate of potash, and 
sulphur, are to be mixed and melted together in a 
covered crucible. As soon as the mass flows 
quietly, it is to be poured off and freed from the 
liver of sulphur which will have formed, by well 
washing with boiling water, when the oxide 
remains as a beautiful green pigment. This is to 
be collected on a filter, dried and ground fine. 
One part of it may be mixed for use with three 
parts flux, laid on and burnt in.* 

Flux. Four parts minium and one part flint 
powder, melted together to a perfectly 
transparent glass. 

71. One part of pure yellow chromate of potash 
ground together with three parts fine powdered 
quartz, laid on and burnt in. 

72. One part black oxide of manganese, and 
two parts cobalt or king's blue, mixed together 
and ground fine. 

73. Two parts pure oxide of cobalt, ground 
with one part flux. 

Flux. One drachm white sand, and two 
drachms litharge. 

* There is a misplacement of words in the original here, which 
creates some confusion. 
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Nos. 72 and 73 serve for green distances. 

VII. VIOLET. — FUSED COLOURS. 

f 

74. Calcine best oxide of manganese in a 
potter's kiln with an equal quantity of saltpetre ; 
take one part of this, six parts white glass in 
powder, and two parts minium; mix and treat 
in the manner already explained, with the 
strongest melting fire. 

75. One part calcined oxide of manganese, one 
part zaffre, ten parts white glass powder, and four 
parts minium, treated as before. 

MIXED COLOURS. 

76. Gold purple mixed with chloride of silver, 
in varying proportions as practice will direct. 
The latter must previously have been melted with 
ten times its weight of flux, prepared from three 
parts white quartz, washed and calcined, five parts 
calcined borax, and one part minium. The gold 
purple is to be mixed with this, and the whole 
ground together. 

The gold purple may be precipitated in combi- 
nation with the chloride of silver by the following 
process. Drop into a large quantity of water, 
first some solution of tin, then a little nitrate of 
silver, and lastly the gold solution, constantly 
stirring the mixture. The proper proportionate 
quantities of the three solutions must be ascer- 
tained by experiment. The precipitate must be 

b 5 
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mixed with about an equal quantity, or rather 
more, of the flux. 

Flux. Eight parts sand, four parts borax 

glass, one part nitre, and one part white 

chalk, treated as in No. 31. 
77* Gold purple ground together with three 
parts blue colour, and oxide of cobalt or king's 
smalt. This mixture gives the most beautiful 
violet colour, which may be made to assume 
different shades according to the greater or less 
quantity of purple, and the lighter or darker blue 
used. 

78. One part purple, and six parts flux, ground 
together, give dark violet. 

Flux. One part sand, two parts litharge, and 
one-fourth of a part borax glass. 

79. Mix pure gold purple after precipitation 
and washing, but without previously drying it, 
with some flux. 

Flux. One part silicious sand, washed and 
calcined, and three parts minium, treated 
as in No. 31. 

VIII. BROWN. FUSED COLOURS. 

80. One part oxide of manganese, and eight 
parts flux (from onie drachm of sand, and three 
drachms of litharge melted together), pounded 
and ground fine. 

81. One part oxide of manganese, one-fourth 
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part blue of No. 52, and eight parts of the fore- 
going flux, used in the same way. 

82. Two parts gold yellow of No. 57, one part 
antimony, and three parts flux (prepared from 
one part sand, two parts lead, and one-fourth part 
borax, melted together), powdered and ground 
fine. 

MIXED COLOURS. 

83. Red oxide of iron, prepared by precipita- 
tion with carbonate of potash from pure sulphate 
of iron, and afterwards heating the precipitate to 
redness until it becomes a lively red colour. 

Flux. A quantity of lead glass equal to that 
of the oxide, and some gum water, ground 
on a glass table. 

84. Two parts oxide of iron, three parts oxide 
of manganese, and three parts gold yellow of 
No. 57, melted together, poured into water, and 
when cold, mixed with three parts flux. 

Flux. One part sand, two parts litharge, and 
one-fourth part borax glass. 

85. Red oxide of iron (hematite, red chalk, or 
natural iron rust), with oxide of manganese, or a 
small portion of sulphuret of antimony and silver, 
or some oxide of silver, treated as in No. 83, serve 
the same purpose. 

86. Or, the sediment left in the preparation of 
the red colour may be laid on the glass without 
further preparation. 
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87. Lastly, seven parts gold yellow of No. 57 
ground with one part oxide of manganese, without 
melting or adding any flux. 

(No. 81 gives sepia; 82, a yellow-brown.) 

* 

GENERAL REMARKS UPON THE PREPARATION 
OF THE PIGMENTS AND FLUXES. 

88. As an essential addition to the foregoing, 
we may here give some few general directions 
respecting the preparation and combination of the 
pigments and fluxes, which could not well be in- 
serted in the recipes themselves. 

It is impossible to give any absolute or positive 
instructions for the proportionate quantities of 
the ingredients used in the pigments or fluxes. 
The determination of these must in a great mea- 
sure be left to the trials and experience of the 
artist. 

The same will apply also to the proportionate 
quantity of the flux to be used with the pigment, 
and to the quality of the flux also. 

89. The materials of the colours, as well as of 
the fluxes, must be as good and as free from 
foreign ingredients as they can be obtained ; other- 
wise disadvantageous consequences for the beauty 
and durability of the painting are to be feared. 

90. When pigments, or fluxes, or both, are to 
be melted together, this must be done in strong 
Hessian crucibles, which are to be protected from 
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the action of the melting mass by covering them 
internally with a mixture of chalk in water. Or 
they may be glazed, which especially prevents the 
penetration of fused colours containing oxide of 
lead. To effect this latter object, the crucible is 
to be rinsed out with water, then covered on the 
inside with pulverized white glass, placed in the 
fire, and heated until the glaze adheres perfectly 
to its sides. 

91. For the operation of fusion in Hessian 
crucibles, it is necessary to use an ordinary wind 
or air furnace, furnished with a dome or cover 
having a draught-pipe. The inside is to be 
covered everywhere with fire-clay, to a thickness 
of three inches, and in the cover must be a door, 
or at least an opening, filled up with a clay 
stopper, by which the interior may be accessible, in 
order to lift off the cover of the crucible and to 
stir its contents with a polished glass rod. Upon 
the grate of this furnace must be laid a pot of clay, 
and upon this the crucible, which must be covered 
with an earthenware lid.* It may then be sur- 
rounded with wood charcoal. 

92. The ingredients of the pigments which are 
to be fused must previously, unless particularly 
directed otherwise, be ground to the finest powder 
on a thick glass plate with a glass muller, or, 
where specially indicated, upon a copper table with 
a steel muller, and not generally upon marble, 

* Thouscherben, — literally, a pot of clay. 

i 
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porcelain, or substances containing lime, for these, 
by the process of rubbing, are liable to give off a 
portion of their material. The ingredients must 
be intimately mixed : the crucible is first (unless 
otherwise specified) to be brought to a red heat 
gradually, and the mixture then placed in it, but 
never in greater quantity than will three parts 
fill it. 

In like manner must the ingredients of the flux 
be treated, and also those of the pigments and 
fluxes which have to be melted together to form a 
fused colour, provided that nothing appear in the 
recipes to render another mode of treatment 
necessary for the particular case. 

The crucible must then, as a general rule, be 
kept some time at a moderate red heat, which 
is afterwards to be increased till the mass is per- 
fectly melted and runs freely, and till threads 
drawn from it with a polished steel rod appear 
pure and clear. It must then be poured into a 
dish of cold pure water, afterwards dried, pul- 
verized, and treated according to the special 
directions. 

93. The pigments and fluxes thus prepared are 
to be tested in the following manner. Place a 
spacious crucible in a furnace in an inclined 
position, and put in this strips of the same kind of 
glass which it is proposed to paint on, streaked 
with the colours which are to be used. These are 
to be exposed to a lively Ted heat in the crucible 
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until they become weak and begin to bend, when 
they must be laid to cool on the top of the furnace 
or in the ash-pit, and afterwards examined. 

Should the edges of the painted parts appear as 
if the colours had overrun their bounds, this is a 
sign of the super-saturation of the pigment with 
flux, and the latter must accordingly be reduced 
in quantity till the appearance is removed ; other- 
wise the whole success of a glass-painting might be 
destroyed, for such easily fusible colours are apt 
to blend together when laid near each other. 

On the other hand, the dull appearance and 
rough feel of the colours betray a deficiency of 
flux, which must therefore be added in greater 
quantity. 

94. The various shades and transitions of the 
principal colours may be obtained, not only by the 
directions as to the materials and treatment given 
in the special recipes, but in more frequent cases 
and much more comprehensively, by certain mani- 
pulations which will be hereafter mentioned in the 
description of the manner of laying the pigments 
on the glass. 

95. Independently of the fluxes named in the 
foregoing recipes for each special pigment, there 
are others which may serve for every colour, or at 
the most require a trifling variation in the peculiar 
proportions of the quantities of their ingredients. 
These proportions depend principally upon the 
greater or less fusibility of the pigment, and will 



Digitized by Google 



40 



PREPARATION OF THE 



be easily discovered by the practised artist. Such 
a flux, for example, is four parts minium and one 
part powdered silica ; the latter obtained from the 
purest flint, free from calcareous specks, by heat- 
ing it to redness three or four times in a crucible^ 
throwing it every time into water, and afterwards 
pounding it in a mortar * and sifting it through a 
fine sieve. This powder is to be mixed as inti- 
mately as possible with the minium, melted in a 
covered crucible, stirring the mass frequently with 
a glass rod, until it is transformed into a perfectly 
transparent yellow glass, the silica being entirely 
dissolved, and threads, drawn by way of test from 
the mass, being perfectly clear. It is then to be 
pressed out in water, dried and powdered, sifted 
through a fine sieve, and kept in closed bottles. 

Or one part rock crystal is to be pounded and 
melted by a strong fire, with one part of well- 
fused borax glass, and treated, when it shows the 
before-named signs of perfect fusion, in the fore- 
going manner. 

Or one part powdered white glass and two parts 
minium may be prepared in the same way. 

96. Besides the implements already named, the 
following are necessary for the manipulation of 
the processes for preparing the pigments and 
fluxes; namely, — coal-shovels, fire-hooks, cru- 
cible tongs, hooks of polished iron for drawing the 

* A porcelain mortar is mentioned, but this must be an over- 
sight. See Art. 92. 
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melted masses out of the crucibles, mortars of iron 
and porcelain, colour dishes, &c. of the same 
material or glass, spatulee of iron and wood, and 
other things which can always be obtained without 
much trouble or expense, or indeed may be sup- 
plied from common household utensils. 

In the absence of a proper wind furnace, a 
common round stove, like those used for warming 
the German apartments, may easily be adapted to 
the purpose. 

97. All vessels which come into immediate con- 
tact with the pigments or fluxes, especially those 
used for their preservation, mixing, fusion, &c, 
must be kept as clean as possible, and carefully 
freed from all refuse after every time of using, lest 
by an accidental mixing of heterogeneous ingre- 
dients the fruit of the labour should be lost. 
Great caution is especially necessary in employing 
crucibles which have been used before. 
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CHAPTER II. 

OF THE PROCESS OF LAYING THE COLOURS 

ON THE GLASS. 

98. The manipulation of the process of laying 
the colours on the glass varies, in some measure, 
according to the different kinds of glass-painting, 
which therefore call for the first explanation. 

Either the colours may be laid upon a single 
sheet of glass, upon which the whole figure 
with all its principal colours and inter- 
mediate tints are burned in (Peinture en 
appret) ; or, 
The figure may be composed of various pieces 
of pot metal (glass already coloured in its 
manufacture), and only the outlines and 
shadows painted on, the glass pieces giving 
the colours for the peculiar places where 
they are inserted (Mosaic glass painting) ; 
or, 

Both these methods may be combined in one 
and the same picture, by composing it 



Digitized by Googl 



PROCESS OF LAYING THE COLOURS. 43 

partly of pieces of coloured pot metal and 
partly of white and painted glass, fixed 
together, 

A 

PEINTURE EN APPRET. 

99. For painting on a single sheet of glass, the 
following rules must be observed. 

A pure white glass must be chosen for the 
purpose, free from air specks or bubbles, and 
especially difficult of fusion, as the whole labour 
would be lost if it were attempted to burn in the 
colours upon a ground which fused as easily as 
themselves. It is practicable, as the examples of 
the ancients show, to paint on what would appear 
the commonest glass with a good result, provided 
that it does not contain too much lead, and 
thereby become too easily fusible. 

Before the operation of painting, the glass plate 
must be rubbed to a sufficient extent with pure 
lime, slaked by exposure to the air, in order to 
clean it perfectly. 

100. The ground or foundation must then be 
laid over the whole surface of the plate, which 
may be done in two different ways. Some artists 
simply dip a piece of clean linen cloth or a flat 
camel-hair pencil in oil of turpentine, and brush 
the pane of glass with it equally over its surface ; 
while others give to the whole a thin clear ground 
of black glass-painting colour, in such manner as 
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not to destroy its transparency, but at most to 
give it the appearance of a dead ground glass. 
Both methods answer the purpose of covering 
the glass with a viscous surface, which takes the 
design and the colours better than a polished 
ground ; the latter prepares the glass at the same 
time for the painting effects which are to be 
obtained upon it. 

In both cases the ground which has been laid 
on must be most carefully levelled over and 
brought to as thin a coat as possible with a large 
hair pencil, and must be dried quickly, taking 
great care to preserve it from dust, &c. 

101. Painting on one sheet requires only one 
pattern drawing or cartoon, which, however, may 
be used in two ways. 

Either the glass sheet, grounded and dried as 
above directed, may be laid upon the drawing, and 
the outlines, as seen through the glass, traced 
lightly with a fine pencil, and with black or other 
glass colour corresponding to the ground ; 

Or the drawing may be placed reversed on the 
sheet, and all the outlines marked over with a 
steel or ivory style. If this latter method is used 
upon a ground of simple turpentine, the back of 
the drawing must previously be rubbed over with 
black-lead, so that the traced lines may appear 
dark on the light ground. 

In both cases, the drawing, whether it is placed 
upon or under the glass, must, for the sake of 
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convenience, be fastened to it with pieces of wax 
at the four corners. 

102. For properly carrying out the process of 
laying on the colours, a desk or easel is necessary, 
which should be capable of being placed in an 
inclined position by means of props, and should 
be formed by fixing a glass plate in a wooden 
frame, so that the light may pass through the 
painting. Sometimes during the progress of the 
work, the glass which is being painted may be 
removed from the easel and laid upon a sheet of 
white paper, in order better to show the effect of 
certain colours. 

103. The vehicle with which the pigments are 
laid on is generally oil. Some artists use exclu- 
sively water, but this alone is an insufficient 
medium for binding the metallic bodies to the 
glass, particularly if, as in the case of fused 
colours, they are somewhat coarse in their nature, 
and require to be laid on in thick layers. They 
then easily loosen from the plate before the firing, 
and render the process of laying on much more 
difficult. It is an important advantage, that with 
oil the edges are more sharply defined, and the 
parts already painted may be again touched over 
when dry without danger of loosening the ground. 

It must be understood that when it is wished to 
make use of water, the plate must either not be 
grounded at all, or only with a glass-painting 
colour worked up with water. 
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The most suitable kind of oil for the purpose is 
rectified oil of turpentine, somewhat thickened by 
standing, and to which a little oil of lavender is 
added. This preparation gives the mass the 
necessary degree of viscosity, and also prevents 
the colour on the palette from drying up and 
thickening too quickly. 

The palette should be of thick sheet glass, 
ground rough by rubbing with a glass muller and 
fine sand, 

104. Preparatory to mixing with oil for laying 
on, those colours which require a flux must (unless 
a different process is specially indicated) be ground 
fine in water with the flux, and again dried. But 
the fused colours, i.e. those in which the oxide 
has already been vitrified with the flux into the 
state of a transparent glass, should, for the purpose 
of laying on, only be coarsely granulated ; for the 
finer these are ground, the more likely is their 
transparency and perfection to be impaired when 
burnt in. 

Those pigments which are laid on in their 
simple combination with an earthy vehicle, and 
without flux, as, for example, the yellow and red 
colours prepared from silver, form an absolute 
exception to the use of oil, and must, for laying 
on, be stirred up with water to the consistence of 
a thick cream. 

The first of these three kinds of pigments 
should, as a general rule, be laid on in a thin, the 



Digitized by 



LAYING THE COLOURS. 



two latter in a pasty, state. The depth of tone 
of the colour depends, with all three, upon the 
degree of thickness in which the pigments are 
laid upon the glass. 

The laying on of the fused colours is accom- 
panied with more difficulty than that of the other 
kinds. The latter are simply laid on with the 
pencil, in the same manner as with other kinds of 
painting, and the only care necessary is that the 
coat may be perfectly equal and regular, wherefore 
for large surfaces a wide smooth pencil or driver 
is usually employed. The colours prepared from 
silver must be treated differently, and laid on the 
glass at least to the thickness of the back of a 
knife. 

But the fused colours must be brought upon the 
surfaces to be covered in the state of a thick 
flowing mass, moist enough to run, but consistent 
enough to lie upon the glass. For this purpose 
small portions must be laid on and spread out 
with a pencil or small spoon, and made to flow to 
the circumscribing outlines, by inclining the sheet 
in the proper directions. If any part of the 
surface thus covered is required to take a darker 
tone of colour, the plate must be kept for some 
time at an inclination in the corresponding direc- 
tion, so that the colour may thus accumulate 
thicker on that part. By . this process many 
gradations of tone may be obtained from one and 
the same pigment. 
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105. The remaining rules for the laying on of 
the pigments are those which principally result 
from the different methods of painting on one 
sheet, of which there are principally three. 

Either the whole picture may be brought out 
in its outlines and shadows, on one side 
of the sheet, with black, brown, or gray- 
colour, and illuminated with the proper 
colours in the proper places on the other 
side; 

Or simply the manner of ordinary oil-painting 
may be adopted with the glass colours, and 
the picture treated as by an artist in oil ; 
Or, as is now most customary, both methods 
may be united, the artist making use of 
each in certain places, according to the 
requirements of the object he has in view. 
For these three methods the following common 
rules will serve. 

106. The shadows and dark-coloured outlines, 
and that which is called in oil c under-painting/ 
should be drawn on the front side of the glass, or 
that which is turned towards the spectator. 

The illuminating colours, especially the principal 
ones, should be laid on the back or reversed 
side. 

Intermediate tints, and gradations by shading, 
should generally be placed on the front side, but 
sometimes, when they alternate with each other, 
necessarily must lie on both ; as they cannot be 
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put in contact on one and the same side without 
danger of running into each other and making a 
false coloun 

The silver yellow and red colours, before alluded 
to, must always be placed on the back or reverse 
side. 

In some particular cases colours may be laid on 
corresponding places on both sides of the glass, in 
order to produce certain effects by the light falling 
through the two together. Thus, purple on one 
side and gold yellow on the other give a mag- 
nificent fiery scarlet ; blue and yellow, according 
to their respective intensities, give different shades 
of green ; the latter, again, with blue on the 
opposite side, serve for excellent distance colours. 
And finally, by the mixture of several colours, 
the ,most diversified intermediate tints may be 
obtained, so that glass-painting in its present 
state may be brought to assimilate with oil-paint- 
ing in its power of producing varied effects. 

107. In order to put a new tone of colour on a 
surface already marked with outlines, &c, it must 
first be dried by a gentle and equal heat (to avoid 
the warping of the glass), and again painted im- 
mediately after it has cooled. Or the black lines 
first laid on may be at once burnt in, and, where 
possible, with these any yellow shades also which 
may be required, after which the painting, then 
fixed, may be further worked upon without danger 
of damage. The residuum of the unfluxed yellow 

c 
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colour may be removed after burning, and again 
used. This colour must never be put over any- 
other, nor over dark shadows, unless these are 
previously burnt in, but always requires a care- 
fully cleaned surface of glass to lie upon ; other- 
wise it would combine with the flux of the under 
colour, whereby the earthy residuum would be 
fixed, and the transparency and beauty of the 
whole destroyed. 

108. All pigments must be laid on somewhat 
darker than in other kinds of painting, as they 
lose in depth by burning. 

When a pigment has overrun its outline, the 
superfluous quantity must be removed, when dry, 

with a knife. 

By taking away the ground with a style of fine 
grained wood, pointed in front and smooth at the 
back (a tool used in etching), the most effective 
lights may be obtained. 
' Should the colours not appear quite dull and 
dry, but shining and greasy, after the drying of 
the picture, this is caused by the misuse of the 
oil, which is always dangerous to the beauty of the 
pigments in firing. 

It is neither necessary nor advisable to allow 
more than one day for the drying of the colours ; 
the burning in should be proceeded with at the 
expiration of the time named. 

Lastly, during the work, the greatest cleanli- 
ness must be observed throughout, the pencil 
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and palette must be kept perfectly clean, and the 
painting preserved from dust, &c, for which 
reason it is not advisable to paint in a laboratory 
of melting-room, where the presence of vapour, 
dust, and impurities of many kinds cannot be 
avoided. 

MOSAIC GLASS-PAINTING. 

■ 

109. The before-mentioned rules for laying on 
the colours will apply also to the method ot form- 
ing designs with coloured pieces of pot metal, or 
partly with these and partly with painted white 
glass. It remains to say something more in 
reference to the employment of the cartoons, and 
the cutting and arrangement of the glasses in this 
branch of the art, which, however, is but little 
practised, since the leaden bars in a picture cal- 
culated for a near view are detrimental to the 
effect. 

Mosaic glass-painting requires two cartoons. 
One of these, a finished and coloured one, is used 
by the artist as a pattern, and serves to determine 
the arrangement of the pieces of glass according 
to their several colours, and the manner of intro- 
ducing the leaden ribs to fasten them together, 
according to the outlines of the figures. Each 
piece of glass proposed to make part of the picture 
must be distinguished by a separate number. 

The other cartoon, which consists only of the 
black outlines of the lead jointing, and whose 
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several parts are numbered to correspond with the 
first, is to be cut up in pieces according to the 
outlines, and the size of each piece diminished all 
round by one-half the thickness of the lead bar of 
the jointing, so that the pieces of glass may be 
exactly cut to the proper dimensions. 

The cutting of the glass may either be done by 
the diamond, or by tracing the line of division 
with a red-hot iron, after having made a small 
incision at its commencement, or by cutting with 
scissors under water, which, however, is not a safe 
process. 

110. With overlaid glass, i.e. pot metal of two 
several sheets or layers laid upon each other from 
the frit, as for example, red and white, blue and 
white, &c, it is possible to produce many effects 
of shading by removing more or less of the 
coloured glass sheet, according t6 the outline, by 
grinding with emery. Or the coloured sheet may 
be ground through to the white glass, and thus 
coloured ornaments may be given on white ground, 
especially for the representation of damasked 
materials. Also, the white parts thus exposed 
may have a colour given them at pleasure on the 
opposite sid^, in order to produce many kinds of 
effects, or to avoid the necessity of using many 
pieces when the introduction of another colour in 
that of the pot metal is indispensable for the 
effect required. 

The coloured pot metal may be painted with 
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intermediate tints of its own principal colour, or 
even, in order to produce certain effects, may be 
covered on one of its surfaces with another colour. 
Thus, a fiery red may be obtained by covering a 
red overlaid glass on its white surface with the 
yellow silver colour, and burning it in, or a shade 
of green by a similar use of the same pigment on 
a blue overlaid glass. In these operations the 
widest latitude is left to the talent and practice of 
the artist. 
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OF THE PROCESS OF FIRING, OR BURNING IN 
OF THE COLOURS; AND THE CONSTRUCTION 
OF THE KILN. 

111. The object kept constantly in view in the 
foregoing explanation of the processes of glass- 
painting, has been to bring the practice of this 
art into the reach of as many hands as possible ; 
and therefore it has been especially endeavoured 
to point out, not only the most suitable, but also 
the shortest and easiest methods of operation, in 
order to show that the processes are much less 
costly and complicated than generally supposed, 
and to put the reader as much as possible in the 
position of being able to construct for himself the 
requisite apparatus. 

This principle has been particularly adhered to, 
in the following description of the process of firing, 
and the construction of the necessary kiln ; for it 
will be shown that the operation may be performed 
in any common kitchen, and that an ordinary fire- 
place may, with the aid of some fire-bricks, tiles, 
and iron rods, be made to suffice for the con- 
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struction of a furnace which shall answer perfectly 
the purpose intended. 

The remaining necessary implements consist of 
a muffle, an iron charcoal-shovel, a pair of fire- 
tongs, tongs to extract the trial pieces, and a pot 
in which to dry the charcoal. 

112. The muffle, if it cannot be obtained of 
cast iron or plumbago, may be made of burnt 
earthenware, and its size may be regulated ac- 
cording to circumstances. If of the latter material, 
it must, in order to stand fire well, be constructed 
of a mixture of two parts fire-clay and one part 
fine sand, and should be of an oblong four- 
cornered figure; for example, twelve inches long, 
ten inches wide, and five inches high. It must, 
however, be large enough to receive the largest of 
the sheets to be burnt, without their edges coming 
in contact with the sides of the muffle. 

In the middle of one of the short sides there 
should be an opening five inches long and a 
quarter of an inch wide, for extracting the test 
pieces. The muffle is to be closed with a cover 
of the same material, having two round holes of 
about one inch and a half diameter, running out 
into two tubes about two inches and a half 
long. 

113. To receive the muffle, a four-cornered kiln 
is to be built, whose interior dimensions should 
be four inches longer, and as much wider, than 
the muffle which is to be placed therein. 
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For this purpose fire-bricks are simply to be 
laid upon each other, but in such a manner that 
the wall turned towards the operator may contain 
an opening three inches high from the bottom 
and twelve inches wide, for the management of 
the firing. When it has reached the height of 
four inches all round, a perfectly horizontal 
bearing frame is to be formed by laying a pair 
of iron rods upon the long sides. Upon these 
the muffle is to be placed, in such manner 
that the test opening is turned towards the 
operator. 

After the painted glass sheets are laid in the 
muffle, the walls of the kiln are to be built to such 
a height as to reach one inch above the tubes of 
the cover; in doing which, however, another open- 
ing three inches and a half wide and two inches 
high, corresponding to the test opening of the 
muffle, must again be left in the front wall, or that 
turned towards the operator. 

Both openings of this wall of the muffle must 
be capable of being closed ; the lower one, that of 
the ash-pit, with a stopper of iron plate filled with 
clay ; the upper one, or the one corresponding to 
the test opening, with a stone. Each of these 
stoppers must fit exactly, and be of the same 
thickness as the wall. 

114. The painted glass intended for firing must 
be laid in the muffle in the following manner. 
Sprinkle first of all well-burnt lime with water, 
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and dry it again, when slaked over the fire. Sift 
this powder through a coarse hair sieve, so as to 
cover the bottom of the mufHe to the thickness of 
one inch. Carefully level over this layer (since 
otherwise the glass might become crooked in 
burning), and lay the sheets upon it near each 
other, but not so close as to come in contact 
either with each other or with the walls of the 
muffle. Then sift another thin layer of lime over 
them ; lay a second set of the pieces of painted 
glass on the lime, and continue in this manner up 
to the middle of the muffle, where the opening is 
made for drawing out the tests. These consist of 
strips of glass about six or seven inches long and 
one inch wide, streaked with patterns of the 
colours which are to be burnt in. They are to be 
laid in the muffle like the sheets of painted glass, 
upon a layer of lime, and covered with it in the 
same manner; and they must be so placed that 
one end may reach to the middle of the muffle, 
while the other end projects half an inch out of 
the test opening before described, in order that 
they may be laid hold of with the tongs, and 
drawn out for examination. 

After these are placed, the sheets of the painted 
glass and the layers of lime are to be alternated, 
as before, until all the glass is placed in, or until 
the muffle is full. If only one sheet is to be fired, 
the muffle must be filled with common instead of 
painted glass, as above directed, and the single 
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sheet to be operated upon must form one of the 
middle layers. After this the muffle must be 
closed in. 

115. In the two tubes of the cover are to be 
placed pieces of the same kind of glass as is 
used to paint upon, five or six inches long and 
one inch wide; these may be called watchers; 
they are to be placed vertically, and in such a 
manner that their lower ends may stand on the 
sheet of lime next under the cover, and their 
upper ends may project about two inches out of 
the tubes.. 

After this, and after the test opening of the 
front wall is closed with its stopper, the firing 
may be commenced by strewing glowing charcoal 
over the hearth of the kiln and to some little 
distance up the sides, then filling all the interstices 
between the muffle and the walls of the kiln with 
charcoal up to the height of the muffle, and after- 
wards covering the latter in such manner that the 
watchers may project in sight. The whole of the 
fuel will then soon catch fire. 

Proceed to lay across the walls of the kiln some 
iron bars, and upon these some fire-tiles, so as to 
cover the kiln as far as an opening in the centre, 
not quite one foot diameter. 

It is here to be remarked^ that when the muffle 
is new, or has not been employed for some time 
before, it will be safer to heat it to redness pre- 
viously to using, which is to be done in the above- 
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described manner, exactly as if it contained glass, 
increasing the fire to a white heat, and allowing 
the muffle to cool of itself after the fire is re- 
moved. When it is quite cold, it may be used 
with safety. 

It is particularly necessary to take care that 
the heat of the kiln during the process is raised 
equally on all sides of the muffle; and the fire 
must also be retained at a uniform glow by the 
continued addition of fresh fuel. 

116. When the muffle reaches a dull red heat, 
when the watchers bend, and when the colours 
appear clear and perfectly fused upon the test 
strips (which must have been drawn out and laid 
upon the top of the kiln to cool slowly), all which 
customarily takes place about the sixth or seventh 
hour of the burning, the fire is to be removed by 
the hearth opening of the kiln, as quickly as 
possible, but yet with care not to shake or dis- 
turb the muffle ; all the openings of the kiln must 
be stopped and luted, and the whole left to cool 
gradually, which, will require between twenty-four 
and thirty-six hours. 

The spare charcoal may be thrown into a pot of 
water and used again. 

After the cooling, the glass sheets are to be 
taken out of the muffle, cleaned with a brush and 
lukewarm water, and carefully dried. 

117. Should any parts require further painting, 
and consequently another firing, the pigments 
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must be mixed the second time with a greater 
quantity of flux, in order to render them more 
fusible than those previously burnt in. 

Also, the heat of the second burning should be 
less than that used the first time. 
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CHAPTER IV. 

OF THE OPERATION OF FIXING TOGETHER OR 
LEADING MOSAIC GLASS. 

118. This process is most customarily and pro- 
perly left to the glazier, who also ought to cut out 
the pieces of glass. In order, however, to leave 
nothing wanting for those amateurs who may wish 
to make the whole of a specimen of the art their 
own, the following rules may be useful. 

Common window lead of the glaziers, but of 
very small dimensions, is to be laid round one of 
the middle pieces forming the glass-painting, so as 
to hold it in the groove of one of its sides, while, 
in that of its other side, another piece is to be 
inserted. Continue this, constantly under the 
guidance of the cartoon, upon which the work 
may be laid, and working always from the centre 
of the picture outwards, soldering the several 
pieces of lead together during the process, by 
their ends of contact, which may be interlaid in 
the grooves at the corners where they join. 

For this the soft or tin solder (consisting of tin 
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having so much lead melted with it that when 
bent it does but slightly crackle — commonly one 
part lead and three or four parts tin) is required, 
and a common glazier's soldering iron with a 
copper point should be used for applying it. 
After this is heated in a charcoal fire, it is to be 
rubbed in powdered sal-ammoniac and resin, and 
then on a piece of the solder, a portion of which 
will adhere to the copper and may be carried to 
the leaden bars. When the soldering is executed, 
it will be well to touch over the junctures with 
dark oil colour, or still better with dilute sulphuric 
acid, in order to remove the bright metallic lustre, 
which might otherwise damage the effect of the 
painting. 
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On the General Nature of Enamel -Painting. 

Enamel-painting differs from all other kinds in 
the vehicle employed for the colours, that is, to 
hold the parts together, and bind them to the 
ground they are laid upon. This is glass or some 
vitreous body, which, being mixed with the 
colours, and fused, or melted, by means of heat, 
becomes fluid ; and having incorporated with the 
colours in that state, forms, together with them, 
a hard mass when cold. It answers, therefore, 
the same end in this, as oil, gum-water, size, or 
varnish, in the other kinds of painting. 

The glass or vitreous body applied to this pur- 
pose of mixing with the colours, in order to bind 
them to the grounds, is called a flux, and makes 
one principal class of the substances used in 
enamel-painting. When this flux is easily fusible, 
that is to say, melts with a less degree of heat, it 
is, in the style of those who work in enamel, said 
to be soft ; and when it is reluctant to melt, and 
\ requires a greater degree of heat, it is called hard. 
These terms are as well applied to the matter of 
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the enamel grounds, and all other vitreous sub- 
stances concerned, as to the fluxes. It is, in 
general, a perfection of the flux to be soft, or run 
easily into fusion. But the great point, with re- 
spect to this particular, is, that when several mix- 
tures of colours and fluxes are used at the same 
time, they should all correspond to each other in 
the degree of this quality ; otherwise some would 
be rendered too fluid, and perhaps run the matter 
of the enamel ground into fusion, and mix with it, 
while others remained solid and insufficiently fused 
themselves. It is always necessary, likewise, that 
the enamel of the ground should be considerably- 
harder than the mixtures for the colours; for if 
they both melt with the same degree of heat, they 
will necessarily run together. 

It being requisite that the body painted in 
enamel should undergo a heat sufficient to melt 
soft glass, the matter of such body can only be 
gold, silver, copper, porcelain, or China-ware, 
hard glass, and earthenware. And where the 
metals are used, if the painting be of the nature 
of a picture, or demand a variety of colours, it is 
necessary that a ground of white, or some other 

colour, should be laid on the metal ; the body of 
which ground must necessarily be of the same 
vitreous nature as the flux, but harder ; as nothing 
else can endure so great a heat that is capable of 
incorporating with, and binding the matter of the 
white, or other colour, to the surface of the metal. 
The grounds, therefore, make another principal 
class of the substances used in enamel-painting. 
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The third class is the colours, which must like- 
wise be bodies capable of suffering the heat of 
melted glass ; and such as will either themselves 
be converted into glass, or kindly incorporate with 
it in a melted state. This of course confines the 
matter of such colours to metals, earths, or other 
mineral bodies; all vegetable and animal substances 
being calcined and analyzed with a greatly less 
degree of heat than the lowest sufficient to work 
enamel. 

The fourth kind of substance is called the 
secondary vehicle ; which is, some fluid body for 
laying on the ground, and working, with the pencil, 
the flux and colours when mixed together ; since, 
as they form only a dry powder, they could not be 
used as paint without some such medium. But 
as this is to serve only for spreading and laying 
on the matter of the enamel, and not, like other 
vehicles, to assist in holding the colours together, 
and binding them to the ground (that being in 
this kind of painting the office of the flux), it is 
necessary that it should be some such substance 
as will evaporate and dry away without leaving any 
part behind : it would otherwise be heterogeneous 
matter with regard to the enamel, and conse- 
quently injurious to it. Essential oils have been, 
therefore, used for this purpose, as they have the 
quality of wholly drying away on the first ap- 
proach of heat, together with a slight unctuosity, 
which renders them capable of making the matter 
of the enamel work properly with the pencil. 
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On the Art of Gilding Enamel and Glass 

by Burning. 

There are two methods of gilding enamel and 
glass, by burning or annealing: the one is the 
producing a cohesion of the gold with the glass or 
enamel by the intermediation of a flux ; the other, 
by producing the like effect without any. But 
the principle is the same, nevertheless, in both ; 
and is, in fact, no other than the causing the gold 
to adhere to the enamel or glass, in consequence 
of the fusion or approach to that state, either 
of the flux used, or the body of enamel or glass 
itself; by which the gold is cemented to such 
body. 

The flux, when any is used, may be either 
simple glass of borax, or any of the preparations of 
fluxes powdered. 

There are other differences likewise in the 
manner of this gilding, which respect the state of 
the gold ; for it may be either used in the form of 
leaf gold, or in that of powder, either mechanically 
made, or by precipitation. 

When leaf gold is employed for gilding enamel 
or glass in this way, without any flux, the enamel 
or glass may be moistened with a very weak 
solution of gum-arabic, and again dried. Being 
so prepared, it should be breathed upon till it 
becomes. a little adhesive or stickv, and then it 
should be laid upon a leaf of gold ; and if that be 
not sufficient ft) cover it, the remaining part must 
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be laid on others, and the work again breathed 
upon, if it appear dry before the whole surface be 
gilded. When the gold is thus united to the 
enamel or glass, by the cementing quality of the 
gum-arabic, which is used in order to keep it close 
and even to the body to be gilded, the work is 
ready for burning. 

If the leaf gold be used for gilding enamel or 
glass with the aid of any flux, such flux, being 
finely levigated, should be tempered with a very 
weak solution of gum-arabic, and very thinly 
spread on the part of the work to be gilded ; and 
when the gum-water is nearly dry, the leaf gold 
should be laid on the part thus prepared for it ; 
or if the work be kept beyond the time, it must 
be breathed upon till it becomes sticky : the gold 
thus fixed on the work, it is in a state proper for 
burning. 

The advantage in omitting to use any flux 
is the rendering the gold less prominent and 
uneven, with respect to the body gilded; which is 
in some cases material. But unless the ground, 
whether of enamel or glass, be very soft, it requires 
a strong heat to make the gold take hold of it ; 
and this, in the case of enamel, endangers the 
ground, or any painting upon it ; for if the 
degree of heat be not very nicely adjusted, the 
glass or enamel will run into too liquid a state in 
some instances, and in others not be softened 
sufficiently to cohere with the gold. The advan- 
tage of using a flux lies in avoiding both these in- 
conveniences ; and, particularly in the case of very 
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hard glass, the being certain that the gold will 
cake ; which is, without this medium, sometimes 
dubious. But the flux lying under the gold pre- 
vents it necessarily from being so level with the 
surface, or having the same evenness, as when 
laid on the body itself without any intermedium. 

Before we speak of the method of using the 
gold in powder for gilding in this way, it is proper 
to mention the manner of preparing this powder ; 
which may be best made in the following manner : 
Take any quantity of gold, and dissolve it in 
aqua regia thus : To 8 ounces of pure spirit of nitre 
add 2 ounces of sal-ammoniac, scraped perfectly- 
clean, and powdered, which will convert the spirit 
of nitre to aqua regia. Dissolve, in 4 ounces of 
this aqua regia, put into a proper phial, half an 
ounce of purified gold, in the state it is to be had 
of the refiners, under the name of grain gold. In 
order to hasten this solution, the phial may be put 
into a gentle heat, where it must continue till the 
gold entirely disappears. Take, in the mean time, 
about the same quantity of aqua regia in another 
phial, and put into it filings or small bits of pure 
block-tin, so long as any brisk effervescence arises 
on the adding fresh quantities : but this must be 
done gradually, especially if the filings be used; 
otherwise the mixture will heat so much as to boil 
over, or break the phial. Drop then thirty or forty 
drops of the solution of the gold into a half-pint 
glass of water, and immediately after about fifteen 
or twenty drops of the solution of tin. The gold 
will be then precipitated in a red powder from the 
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solution in the aqua regia dropped into the water ; 
and this operation must be repeated till the whole 
quantity of the solution is thus treated. When 
the last quantity of the red powder has been pre- 
cipitated, pour off the clear fluid, and fill the glass 
with spring water; which, when the red powder 
has settled, must be poured off likewise. Hold 
then a sponge wet, but well squeezed, to the sur- 
face of the fluid remaining with the powder ; and, 
when as much of the water as can be conveniently 
separated from it by that means, is drawn off, lay 
the powder on a marble or porphyry stone to dry, 
taking great care that it contracts no dust or foul- 
ness. When dissolved, make a precipitation of 
the gold, by putting into the solution slips of 
copper plate, which must be continued there till 
they no longer produce any effervescence in the 
fluid. These slips of copper being then taken out, 
and the gold adhering to them gently beaten off, 
the fluid must be poured off from the precipitate, 
and fresh water put in its place, which must be 
renewed, in like manner, several times, till the 
salt formed by the copper and aqua regia is en- 
tirely washed from the gold ; which, being dried, 
will be ready for use. 

The precipitation may otherwise be made by 
adding a solution of Roman vitriol, or of copperas, 
or common green vitriol, to the solution of gold, 
in the following manner : Take a solution of gold 
in aqua regia, prepared as above directed ; and add 
to it gradually a solution of green vitriol or cop- 
peras in water, until no further precipitation 
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of the gold is made by the addition of a fresh 
quantity. The solution of the copperas may be 
made by putting one drachm of it powdered into 
an ounce of water, and shaking them till they 
appear to be dissolved ; after which the solution 
must stand, and the clear part be poured off from 
the sediment, if any be found. The fluid must be 
poured off from the precipitated gold as soon as 
it is perfectly subsided, and the precipitation must 
be well washed by pouring on it several successive 
quantities of water. Roman or blue vitriol may 
be employed for this purpose instead of the green, 
but it is somewhat dearer, and has no advantage 
over the other. The gold precipitate thus ob- 
tained is very bright and shining. A similar kind 
may be prepared by putting flat bars or plates of 
copper into the solution of the gold in aqua regia ; 
but the precipitate is of a brown colour, without 
any lustre or shining appearance. 

This method is more expeditious, as the pre- 
cipitation is instantaneously made. In the present 
practice, the (aurum fulminans) fulminating gold, 
or precipitation by alkaline salts, is made by 
those who gild glass in the greatest perfection; 
and the volatile alkali is employed for the 
precipitation by the chemist, who prepares it for 
this purpose. But when this kind of precipitate 
is chosen, the use of any flux 4 must be avoided, 
and a very considerable degree of heat applied. 

Where it will not answer the trouble to prepare 
precipitated powders, that formed of leaf gold 
may be used in its place; but the precipitates 
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are more impalpable powders than can be ob- 
tained by any different method, and will take a 
finer burnish than any other kind when employed 
in this sort of gilding. 

The manner of using the precipitates of gold in 
gilding of glass or enamel, except with respect to 
the aurum fulminans, may be varied two ways, as 
well as that of the leaf gold ; viz. by adding to it 
or omitting any flux. The convenience of using 
flux is the same with that before mentioned, with 
the further advantage of rendering the gilding ex- 
tremely durable, even to a degree of bearing to be 
scraped. But the disadvantages are greater ; for 
not lying under the gold, as in the other case, but 
being mixed with it, the flux destroys the rich 
metalline look, and, what is still much worse, in 
many cases prevents its taking a burnish with the 
true lustre. 

In which way soever the powder is used, it is 
to be tempered with the oil of spike, and worked 
as the enamel colours ; and the quantity of flux, 
when any is used, may be a third of the weight of 
the gold. When the gold is thus laid on, the 
work is ready for burning ; which operation must 
be performed in the same manner, excepting as 
regards the degrees of heat, as in the ordinary 
methods of gilding. 

In cases where the glass is very hard, or where 
the opportunity of a strong heat cannot be con- 
veniently obtained, the expedient of using a flux 
in the following manner may be adopted with 
great advantage. 
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Grind glass of borax to a fine powder, and 
having tempered it with oil of spike, lay it oh the 
glass where the gilding is to be made. Burn then 
the glass with the degree of heat that will run the 
borax ; and, when it is cold, apply the precipitate, 
or leaf gold, and burn it again, as in other cases. 

In this manner the advantage of a flux may be 
gained, without the inconveniences before men- 
tioned, and the gold will take a very gentle heat. 
It is, indeed, attended with double trouble and 
hazard ; but in the case of using leaf gold, where 
a very good burnish may be wanted, this method 
will perhaps be found on the whole the most 
eligible. 

The manner of proceeding for burning or 
annealing the work in this kind of gilding is 
the same with the treatment of the enamel or 
glass in the use of the colours, except that the 
pieces may either be put into the muffles, or 
coffins ; or, in the case of the glass, if there be no 
painting, the operation may be performed in the 
naked fire. 

After the work is burnt, if it be designed to be 
burnished, a proper lustre may be given to it by 
rubbing the gilded part with a dog's tooth, or 
with a fine agate, or iron burnishers. 
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On the Taking of Mezzotinto Prints on Glass, and 
Painting upon them with Oil, Water, or Varnish 
Colours. 

The painting on glass by means of mezzotinto 
prints is performed by transferring the ink of the 
print to the surface of the glass, and thus having 
obtained a drawing, colouring it by proper pigments 
tempered with oil, varnish, or oil of a vehicle. 
This transferring the ink from the print to the 
glass is effected by cementing the face of the 
print to the surface of the glass by means of some 
glutinous body which will not dissolve in water, 
and then destroying the texture of the paper by 
water, so that it may be rubbed entirely off from 
the cement upon the glass, — leaving, at the same 
time, the whole of the ink of the print upon the 
cement and glass, in the same manner as if the 
original impression had been made there. 

The particular method of performing this is as 
follows : 

Procure a piece of the best crown glass as near 
as possible in size to the print to be taken off, 
and varnish it thinly over with turpentine, ren- 
dered a little more fluid by the addition of oil of 
turpentine. Lay the print then on the glass, 
beginning at one end, and pressing it gently down 
in every part in proceeding to the other. This is 
requisite to prevent any vesicles of air being 
formed in the laying it on, by the paper touching 
the cement unequally in different parts; and to 

D 
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settle the whole more closely to the glass, it is 
well to pass over it a wooden roller of about the 
diameter of two inches. Dry then the glass, with 
the print thus laid upon it, at the first, till the 
turpentine becomes perfectly hard, and afterwards 
moisten the paper well with water, until it is 
thoroughly soaked. After this, rub off the paper 
entirely from the cement, by gently rolling it under 
the finger, and let it dry without any heat: the 
impression of the print will be found perfect on 
the glass, and may be painted over with either oil 
or varnish colours. 

The choice and treatment of the colours for 
painting in this way upon glass, in either oil or 
varnish, may be the same as for any other methods ; 
and it is therefore needless to enumerate any 
further particulars. 



On the Devices employed for the more easily oi- 
taining a just Outline in making Designs from 
Nature; and on the various Methods of Off- 
tracing, Calking, and Reducing Pictures, Prints, 
or Drawings. 

The drawing accurately and readily after nature, 
and depicted representations, by the unassisted 
hand and eye, requires greater practice and com- 
mand of pencil than fall to the share of many, who 
nevertheless may not want abilities to colour or 
shade a picture or drawing when a proper outline 
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sketch is previously procured. The convenience of 
quicker despatch is moreover a matter of import- 
ance even to those who are most expert in this 
art. On these accounts, various means have been 
devised to lead and direct the eye or hand, in 
forming just outlines of the principal objects which 
compose the design. These means consist of 
several methods, founded on different principles. 

In the drawing after nature, the interposing a 
transparent plane is commonly practised ; through 
which plane the objects being seen from a fixed 
point of view, the outlines of their parts are traced 
upon it by chalk or some kind of crayon ; or such 
transparent body is divided into squares, through 
which the objects being viewed, the eye may be 
enabled to form and dispose them with more 
certainty, on a paper or other proper ground, 
divided into a similar number of squares ; or some 
reflected image is obtained by means of a camera 
obscura, which affords an opportunity both of 
drawing the figure, and imitating the natural 
colour of the objects. These are the devices 
employed for drawing after nature ; but ^vhere 
pictures, prints, or drawings are to be qppied, 
various methods are adopted. The most common 
method is by off-tracing, as it is called, which is 
the laying some transparent substance over the 
picture, print, or drawing, and passing over the 
outlines of # the principal parts with a pencil or 
crayon, which delineation is to be afterwards 
transferred from this transparent body to the 
ground intended for the painting or drawing. The 
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.second method, which is indeed only another kind 
of off-tracing, practised sometimes in the case of 
prints and drawings, is effected by laying the 
originals on the ground of paper or vellum de- 
signed for the copy, the back of the original 
being smeared with black, or with vermilion 
mixed with a little butter ; or a paper so prepared 
being laid between the original and copy, and 
tracing over the principal parts of the design with 
a needle or some other such like instrument, by 
which means an outline sketch of it will be formed 
on the ground of the copy. This method is called 
calking, and is performed also in another way, by 
puncturing or pricking the original print or draw- 
ing, and producing an outline on a new ground, 
by transmitting a coloured powder through the 
punctured holes. The third is by dissolving part 
of the printing ink by means of soap, and im- 
pressing it on a fresh ground in that state. Another 
method much practised is the using squares 
in the manner above spoken of, in the expedients 
for drawing after nature, except that here they are 
to be laid upon the picture. This method is 
likewise applied to the more certain copying of 
pictures or drawings, where the new design is to 
differ in magnitude from the original, in which 
case it is called reduction. For this last purpose 
there is likewise another method employed, by 
means of a machine hereafter described for off- 
tracing, and by which, after drawing over the 
lines of the original, the new sketch may be made 
greater or less. 



Digitized by 



REDUCING PICTURES, DRAWINGS, &C. 77 

The particular manner of using the transparent 
plane for taking designs from nature is, by framing 
a piece of tiffany or fine lawn, of the size of the 
picture or drawing intended, and fixing it so that 
the whole view of what is to be painted may be 
seen through it ; a sight-board, that is, a flat piece 
of wood, with a hole in it, being placed parallel to 
the tiffany or lawn, in such manner that the eye 
may command the whole view through it, at the 
same time that the hand may reach with con- 
venience to draw upon it. The outlines of the 
object, as they appear through the hole in the 
sight-board, must then be traced out, on the tiffany 
or lawn, by a crayon formed of white or red chalk, 
charcoal, or any proper substance, by which means 
a sketch of the design will be produced. In order 
to form a more complete drawing from this crude 
sketch on paper or vellum, the tiffany or lawn 
containing it must be carefully laid on such paper 
or vellum in an horizontal position, and, being 
well fixed down upon it, must be struck with some 
flat body in every part, by which means the chalk 
or matter of the crayon will be transferred from 
the old to the new ground, and produce the same 
delineation of the object upon it as was before on 
the other. The impression thus made on the new 
ground should be then over-traced with a black- 
lead pencil, and afterwards corrected, if there be 
occasion, from the natural view through the sight- 
board ; and this paper or vellum will then contain 
a proper outline drawing, if the design be in- 
tended for a painting in water colours. But when 
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this method is pursued with a view to a painting 
in oil, the tiffany or lawn, after the sketch is drawn, 
must be laid upon the ground of the intended 
picture, and proceeded with in the same manner 
as with the vellum or paper; only, in this case, 
the over-tracing must be made with some kind of 
crayon instead of the black-lead pencil. 

It is advised by some to use* paper made trans- 
parent by means of oil of turpentine, instead of 
the tiffany and lawn; but the use of it is only 
practicable in this way in a darkened room or 
other confined place, and the paper thus prepared 
does not become transparent enough, even then, 
to show minute or remote objects so distinctly as 
is necessary. If, howeveY, any choose to use it, 
the usual preparation of the paper is, only to brush 
it several times over w ith oil of turpentine, and to 
suffer it to dry. The transparency will be much 
improved if a third of nut or poppy oil be added 
to the oil of turpentine ; or otherwise a little crude 
turpentine or colourless varnish ; any of which 
will render the oil of turpentine more efficacious 
for this purpose, and save the trouble and expense 
of rubbing the paper so often over as is otherwise 
necessary. The paper employed for this purpose 
should be that called fan-paper, or, if that cannot 
be procured, fine post paper may be substituted ; 
and where the design is too large to be contained 
in one sheet, several may be joined together, by 
laying the edges of the sheets a very little over 
each other, and cementing them by isinglass 
glue, which, if neatly done, will only slightly 
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affect the transparency in the joints. When 
the original sketch is made on transparent paper, 
the tracing or drawing may be performed by a 
black-lead pencil, instead of crayon, which renders 
the drawing much more perfect and durable ; and, 
being thus completed, it may be used for off- 
tracing the sketch on any ground intended for a 
painting in either oil or water. If it be intended 
for a picture in oil colours, the back of the paper 
may be smeared with pounded black-lead, charcoal 
dust, or any powdered crayon ; or, what is much 
better, vermilion mixed with just so much butter 
as will make it adhere to the paper. It must then 
be laid on the ground of the picture, and over- 
traced by a copper or iron stift, or blunted needle, 
which will make an impression of the sketch on 
the ground by means of the colour on the back of 
the paper ; or another paper may be coloured, with 
the black-lead or vermilion, instead of the back of 
the transparent paper, and being laid between that 
and the ground, will answer the same end. The 
means are no way different where the sketch is to 
be transmitted to paper instead of oil. But in 
colouring the back of the transparent paper, or 
that interposed where any such is used, care 
should be taken that the colour be so wiped off 
as not to smear the ground, or produce any effect, 
except where compressed by the instrument in the 
over-tracing ; and this indeed should be regarded 
to a certain degree even with the oil ground. 
Where the sketch is large, and made on several 
sheets of paper, it is convenient to have weights 
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to place on the four corners of the conjoined sheets, 
to keep them even and steady on the ground. 
They are best formed of square pieces of lead with 
handles, and may be about two or three pounds 
weight each. 

The sketch on transparent paper may be other- 
wise transmitted to any ground by puncturing it 
with holes made near each other in the lines of the 
drawing, and then fixing it on the ground, and 
dusting over it black-lead or any other coloured 
matter finely powdered, and tied up in a fine 
linen cloth. This dust passing through the holes of 
the pricked paper will delineate the sketch on the 
new ground, so that it may then be over-traced by 
any kind of pencil or crayon. Glass has been 
also used in the same way as the lawn or trans- 
parent paper, but its texture hinders it from 
being well managed with chalk, or any crayon or 
pencil. There is also another method, not com- 
monly practised, by which a sketch might be well 
obtained by the use of glass. This is by drawing 
the outlines of the objects with black colour in 
drying oil, and when the sketch is finished, laying 
the paper intended to receive the copy gently, 
and without any rubbing or shifting, on the glass, 
having first moistened it with water; by which 
means the black paint will be transmitted to the 
paper, as the moisture exhales from it, and an 
impression made sufficiently exact for the pur- 
pose. 

The manner of assisting the eye, in designing 
from nature by means of a plane divided into 
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squares, is, by drawing cross lines parallel to each 
other on tiffany or lawn framed, or on transparent 
paper, or glass. This may be done with common 
writing ink, or any other way that will render the 
lines visible; and the divided plane must be then 
placed before the sight-board in the same manner 
as was before directed for tracing the outlines. 
The ground on which the sketch is intended to be 
taken must be also formed into an equal number 
of squares; and the objects, being seen through 
the squares of the transparent plane, will by this 
means be much more easily disposed in their 
proper situation, and formed of a just magnitude, 
by placing them in the corresponding square of 
the ground, than where the eye had no such 
medium to compare and judge by. But though 
the above substances are most commonly used, 
there is a more simple and effectual way of doing 
this, which is, by making a frame of a proper size, 
and dividing the area which it forms into squares, 
by threads of a moderate thickness. In this 
way the objects to be drawn are consequently 
more within the power of the eye than when the 
most transparent body is used. The drawing by 
the assistance of squares, to those who have the 
least command of hand, is by much the most 
expedient way. But in order to render this or 
the other methods more commodiously practicable, 
where it is to be done in the open air, a portable 
machine should be made for supporting the frame 
of the transparent plane, and also the sight-board. 
This machine may be constructed by joining three 
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long legs together, in the manner of the surveyors' 
instruments, in a block, and fixing the frame, by 
means of a foot which will slide into the same box, 
that it may be raised higher or lower. The sight- 
board must have a foot likewise, by which it may 
be raised higher or lower ; though this must not 
be fixed into the block, but into a sliding piece^ 
which must pass through the block horizontally, 
so that the foot of the sight-board being fixed into 
it at right angles, the board may be brought nearer 
to or drawn further from the transparent plane at 
pleasure. 

The second method used to facilitate the draw- 
ing after nature, namely, by the reflected image of 
the object, is performed by the camera obscura, of 
which a portable kind adapted to this purpose is 
commonly made by the opticians. It is needless, 
therefore, to give any description of these instru- 
ments, and the structure of them immediately 
explains the manner of their use on a very slight 
examination. Where they are not at hand, and a 
prospect through any particular window is desired 
to be taken, an occasional camera may be formed. 
This is to be done by boring a hole through the 
window-shutter at a convenient height, and putting 
one of the glasses, called the ox-eye, into the hole ; 
when, all other light being shut out, except what 
passes through this hole, and a proper ground of 
paper or vellum, &c. being held at a due distance 
from the hole, the reflected image of the prospect 
will be formed upon the ground. If this ground 
be formed of paper, and fixed steady by a proper 
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frame, the image will appear very perfectly on the 
reverse of it, and the artist may stand at the back, 
and trace the outlines of the necessary parts with 
great convenience. 

Though the taking views of nature by the camera 
has several conveniences, and seems very advan- 
tageous, there is one very material objection to 
its use. This is, that the shadows lose their 
force in the reflected image ; and objects, by the 
refraction, are made to appear rounder, or different 
sometimes both in their magnitude and site, from 
what they really are ; which being opposed to the 
truth of any drawing, almost wholly destroys the 
expedience there would be otherwise found in 
this manner. 

The method of making sketches of outlines 
from pictures, prints, or drawing by off-tracing, 
is performed by a variety of methods. The most 
common, where the size of the painting does not 
forbid it, is to take a sheet of paper prepared by 
oil of turpentine, or the other means, as above 
directed for the taking views from nature; and, 
having fastened it even on the picture or print to 
be copied, to trace over the principal parts with a 
black-lead pencil. By this means an outline being 
obtained, it may be imparted to any other ground, 
in the manner before described, when the same 
kind of outline is formed by drawing after nature. 
Where larger pieces are to be copied, lawn and 
tiffany may be used, instead of the transparent 
paper ; or several sheets of the paper may be joined 
together by means of isinglass glue ; and when the 
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outline is traced by chalk, or other proper crayon, 
the subsequent proceeding may be similar, 
in this case, as above, where the same kind of 
outline is taken from nature. Goldbeaters'-skin 
and horn, as prepared in plates for lanterns, as 
also the talc or fossil isinglass, and dried hog's 
bladder, have been likewise applied to this pur- 
pose. But where horn or isinglass are used, 
being rigid bodies that will not yield to impart an 
impression by retracing, they may be best treated 
in the manner above advised, in the case of glass, 
when employed for taking views from nature, which 
is, by tracing the outlines with black in oil, and 
printing a new ground of paper with it. 

Another common method of off-tracing, in the 
case of prints or drawings, is to fix them against 
a window or other hard transparent body placed 
in a strong light, in a perpendicular position, and 
to put a piece of paper, vellum, or any other body 
sufficiently transparent, before them, to perform 
the off-tracing, by the view which is this way 
given of the objects in the print or drawing. 

The other method of off-tracing, called calking, 
which is sometimes practised in the case of prints 
and drawings, is performed by tracing on the 
print or drawing itself, instead of the transparent 
body laid over it, as in the other manner. The 
back of it must be previously prepared by rubbing 
it over with black-lead powdered, or other such 
matter ; or a paper blacked on the under-side may 
be used, instead of blackening the print or draw- 
ing. By either of these methods an outline will 
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be made on any ground of vellum or paper laid 
under the print; and if several grounds of very 
thin paper be laid together under the print, with 
each a blackened paper over them, so many im- 
pressions may be made at one time. The same 
effect may be produced by puncturing or pricking 
out the proper outlines in the print or drawing, 
and then using it for imparting the sketch to 
another ground, with the black-lead powder, &c. 
in the manner above described in treating of the 
use of the oiled paper. When the print or draw- 
ing is thus prepared by puncturing, it may be 
employed for transmitting the sketch to any 
number of grounds. 

The manner of using soap for taking off the 
impression of a print on a new ground is this: 
Smear the original over with the common soft 
soap, commix with water till it be of the consist- 
ence of a thin jelly, and then lay it even on the 
ground intended to receive the impression, which 
must be also previously moistened with water; 
after which, being covered with several other 
papers, the whole must be compressed, by passing 
a wooden roller over them, or by rubbing strongly 
on them with the calender-glass used for glazing 
linen, or by any similar means. The impression 
of the original will thus be imparted to the new 
ground, which must be first dried, and then 
carefully washed with a sponge and water to 
take off the soap. It has been said by some that 
this treatment will do very little injury to the 
original print ; but, besides the impracticability of 
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ever thoroughly cleansing it from the soap, a part 
of the printing ink is taken from it, and a propor- 
tionable share of the effect of the original impres- 
sion destroyed. 

A method parallel to this is sometimes used 
with prints and drawings, which is by holding 
them up to the light, and tracing the proper out- 
lines on the back with a black-lead pencil, or any 
kind of crayon, and then laying the traced side 
on a ground proper to receive the impression, 
going over them with a roller or calender-glass, in 
the same manner as when the impression is taken 
by means of soap. On the same principle, in the 
case of compartments, cyphers, or any other 
regular figures, where both sides are alike, when 
one half is drawn or traced, the other half may be 
procured by doubling the paper exactly in the 
place where the two halves should join, and then 
pressing or rolling over the outside of the sketched 
part. By this treatment a corresponding im- 
pression of the design will be made on the other 
side, and the whole sketch will be finished with- 
out the trouble of drawing or tracing out the 
second half. 

The method of copying designs by the use of 
the squares, either in order to paint in equal mag- 
nitude, or with a view to reduction, is this: 
Divide the original into a convenient number of 
squares, by ruling lines across it with any kind of 
crayon, and then do the same on the ground in 
a corresponding manner. The squares on the 
new ground may be either increased, diminished 



Digitized by Google 



REDUCING PICTURES, DRAWINGS, &C. 87 

or made equal as to their size, with respect to 
those of the original, according to the intended 
proportion of the new piece. The principal use 
of the squares, in this case, is so much the same 
as when they are applied to the taking drawings 
from nature, that it is needless to dwell longer 
on them. It may be here stated, that to those 
who can draw at all, the use of the squares is 
much more advisable, as well as in drawing after 
nature, than any of the other methods; it is 
much more improving, and, on the whole, less 
troublesome, to make a correct sketch in that 
way than by any other. 

The manner of reduction, or, if that be not 
necessary, of tracing out an outline, where the 
magnitude of the original is to be preserved, by 
the machine above mentioned, which was formerly 
called a parallelogram, and by some a mathema- 
tical compass, cannot be properly understood 
without an explanation of the construction of the 
instrument. 

This instrument is composed of a board or table, 
with ten pieces of wood fixed upon it, in a move- 
able manner; and by such a construction, that 
when one is moved, the whole of the rest move 
also similarly, with respect to the directions, but 
under greater or less angles. The board or table 
may be of fir deal, and is usually made in the 
form of a parallelogram. The magnitude of it, as 
well as of the other parts of the machine, must 
be according to that of the pictures, &c. intended 
to be used for reducing. But for the sake of 
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giving the comparative proportions, it may be 
stated at three feet in length, and the breadth may 
be about a foot and a half. It must be planed 
very even, but should not be of too thin a 
substance, and it must be covered with cloth 
stretched even upon it, and fastened down to it. 
The ten pieces of wood must be formed like rulers 
used for writing; and in the proportiorj. here 
taken, they may be a foot long, and about half an 
inch in breadth, and the fifth or sixth of an inch 
in thickness. They must be fastened to each 
other in such manner that every one must be 
crossed by another in the centre, and by two 
others at such distance from the centre as exactly 
divides the two half-lengths on each side of it ; 
except the two which form the extremities, and 
can be only crossed in the centre and in the middle 
of one part, which, in each extremity, will be the 
part opposite to that so crossed in the other, as 
will immediately appear on the pieces being laid 
together in the position here directed. The 
fastening must be by pins or rivets, on which each 
piece may be turned with perfect freedom ; and 
near each end of every piece must be made a 
hole or a female screw, into which a crayon, 
portcrayon, or pencil, may be fixed, either by, or 
without, a screw. At the ends of those pieces 
which make the extremities there must be a 
smaller hole for a pin to be passed through to 
fasten the conjoined pieces to the board. In 
order to the more commodiously fixing the several 
parts of the instrument to the board or table, it 
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may be proper to have female screws at the places 
of the table where the rulers are to be pinned 
down, according to the different applications of 
the instrument; and the pins for fastening the 
respective parts must, in this case, have male 
screws at their extremities, correspondent to the 
female screws in the table. By these directions, 
closely followed, the parts of the instrument may 
be completely formed, and put together. 



Colouring or Washing Maps, Prints, fyc. 
The colouring maps or other prints is performed 
either by spreading opaque colours so thinly on 
the subject that the full effect of the printing 
may appear under them, or by using transparent 
colours which stain the ground and dry away 
without leaving any opaque body : this last method 
is called washing. 

The using opaque colours, or such as have a solid 
body, in this way on prints, depends entirely on the 
kind of vehicle used ; for if the colour be so sus- 
pended by the vehicle that it can be spread equally, 
it may be applied to this purpose with success ; 
and such as are very strong and bright, even though 
of the most opaque body, as vermilion, verditer, 
ultramarine, or turpeth mineral, will answer the 
end. The best method of doing this, is the using 
the isinglass size, prepared with sugar or honey, 
according to the following directions : Take three 
quarters of an ounce of gum-arabic, and a quarter 
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of an ounce of gum-senegal. Powder them, and 
then tie them up in a linen rag, leaving so much 
unfilled room in the bag as to admit its being 
flattened by the pressure of the hand. Having 
squeezed the bag till it is flat, put it into a quart 
of hot water, and there let it continue, moving it 
sometimes about, and stirring the water, for about 
twenty-four hours. The gums will then be dis- 
solved, and the bag must be taken out. The 
fluid being divided into two parts, to one half of 
it add a quarter of an ounce of white sugar-candy 
powdered, and keep the other in its pure state. 

The following method is the most advisable for 
the making the isinglass size : Take half an ounce 
of the beaten isinglass, and a pint and half of 
water. Boil them till the isinglass be wholly dis- 
solved, and then strain the fluid, while hot, through 
a linen rag. Divide the size thus made into two 
parts, and to one of them add an equal measure 
of hot water, by which means a strong and weak 
size will be likewise obtained. This makes the 
colours of this sort work so freely that they may 
be diffused almost as easily as the transparent 
kinds, and with nearly as good effect. But it is 
proper in most cases to dilute the composition 
more for the washing of maps, and spreading the 
colour over large surfaces. 

Besides the opaque, there are a number of 
colours which are semi-transparent, and yet have a 
body in a greater or less degree. These are car- 
mine, bistre, and gall-stone, in the first degree, 
with lake and Prussian blue in the second 5 all 
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which may be treated in the same manner, but 
require very different proportion in the strength 
of the size. 

The transparent colours should be preferred for 
this purpose to either of the other kinds, as their 
effect is better, and they require no preparation. 
The colours are, for red, red ink, — for blue, 
litmus,— /or green, sap green and verdigris (in 
vinegar), — for yellow, gamboge, the yellow berry 
wash and turmeric wash,— /or purple, the logwood 
wash and archil, — for brown, Spanish liquorice,— 
and for black, Indian ink. These require only to 
be dissolved in water, which should be more 
copiously added when employed for washing 
prints or colouring large grounds of any kind. 

It must be carefully observed, in employing 
the opaque or semi-transparent colours, never 
to cover any parts so strongly as to prevent the 
distinct appearance of the shades of the printed 
design. 

In the illuminating (as it is called) maps, as 
little peculiar in the manner is necessary as in 
the case of other prints ; only, the intent of co- 
louring them being to distinguish the divisions of 
the maps with respect to countries, districts, &c, 
care must be taken not to lay the fluid colours on 
so copiously as to flow beyond the limits of what 
they are intended to cover. The rest depends on 
the so disposing of the variety of colours in 
different parts as to give them a strong and 
pleasing effect, which must depend more on 
fancy and good taste than on any rules. There is 
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indeed one thing in particular, which, it may be 
proper to remark j should be always avoided : 1 it is 
the laying such colours as have any affinity or 
likeness close to each other; for by an error in 
this particular they will be rendered much less 
effectual with respect to the purpose they are 
to serve; as it is by such a disposition made 
more difficult to the eye to distinguish the limits 
and bounds they are intended to mark out. And 
moreover, for want of due apposition, the diversi- 
fication of the colours is made less pleasing, when 
they are seen at a distance, and considered only 
with respect to their ornamental appearance. 
There is one other rule which is more especially 
necessary to be observed, though many think they 
are giving most perfection to their work when they 
most deviate from it : it is, the never using too 
strong and deep colours for this purpose, as they 
render the legible characters of the maps less 
distinct and perceptible. Such a practice is there- 
fore repugnant in a certain degree to the principal 
intention of the maps, and moreover gives them 
a tawdry glaring appearance which is very incon- 
sistent with good taste, one great principle of 
which is simplicity, and the avoiding a false and 
unmeaning showiness. 
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For Students' use in Schools, Mechanics' Institutions, and 
others, desiring to acquire a superior method of Drawing 
and Shadowing, as practised in the best Schools of France. 



COURSJELEMENTAIRES de LAVIS applique* a L' ARCHITECTURE ; folio 
volume, containing 50 elaborately engraved plates, in shadows and tints, 
very finely executed by the beet artists of France, price 21, 10*. Paris. 

COURS ELEMENTAIRES de LAVIS applique a ORNEMENTATION ; folio 
volume, containing 50 elaborately engraved plates, in shadows and tints, 
very finely executed by the best artists of Prance, price 21. 10s. Paris. 

ETUDES PROGRESSIVES ET COMPLETES D' ARCHITECTURE de Lavis 
par J. B. Tripon ; large folio, 24 fine plates, comprising the Orders of 
Architecture, mouldings with profiles, ornaments, and forms of their 
proportion, art of shadowing, doors, balusters, parterres, kc. kc. &c, 
price 11. is. Paris. 



In 4 to., with 14 plates, in half cloth, boards, price 7s. 6d. 

PRACTICAL RULES ON DRAWING FOR THE OPERATIVE BUILDER 
AND YOUNG STUDENT in Architecture. 

1 Fractical.Rules on Drawing, Outlines. 

2. Practical Rules on Drawing, the Grecian and Roman Orders. 

3. Practical Rules on Light and Shade. 

4. Practical Rules on Colour, &c. kc. 



In 4to., boards, 8 plates, and 76 woodcuts, price 6s. 

ARCHITECTURE OF MACHINERY. An Essay on Propriety of Form and 
Proportion.. Intended as a guide to assist the Student in the Drawing 
and Designing of Machinery. For the use of Students and Schoolmasters. 
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. MR. WEALE'S 
SERIES OF RUDIMENTARY WORKS. 

Mr. Weixe has prepared for publication, in a neat and convenient size, a 
eerie* of original and useful Volumes, by the most esteemed writers, forming a 
Rudimentary Course for the easy comprehension of the leading principles of 
various Sciences. 

It has been remarked that "those who are in the ship of Science ought to 
remember that the disciples cannot arrive without the aid of boats." Popular 
Treatises are to Science what boats are to large ships : they assist people in 
getting aboard. But as no one would trust himself to a weak and inefficient 
boat, bo no one ought to begin the study of Science with an imperfect guide. 
It sometimes happens that popular treatises are made to appear easy by the 
omission of those very details which arc most essential to be known : they state 
results without going through the necessary processes by which those results 
are gained : they deal largely in facts, and leave principles untouched. 

The only method of avoiding this error is to confide to men who are 
masters of their respective subjects the task of drawing up Popular Introduc- 
tions to the several branches of Science, as well as uniting clement ary principles 
irith practical applications. The Publisher trusts that the following list of 
names will be a sufficient guarantee to tho Public that what he proposes to 
attempt in the cause of Popular Instruction will be done well ; and that these 
little treatises will fully answer the purposes for which they are intended, 
namely, to become convenient and accurate Guide-Books in Popular Institutions 
generally, while their low price will place them within the reach of all classes 
earning their daily bread, to many of whom a knowledge of the elements, together 
with the practice, of the Sciences are positive gains in the common pursuits of life, 
as well as a means of winning from gross tastes, and presenting to the mind 
noble and worthy objects of study. The series, also, is extended to the Elemental 
and Practical Science of Mathematics, for those who desire to advance and 
perfect their studies. Together with an Educational Series. The whole in 
demy 12mo., as follows : 

1. CHEMISTRY, by Prof. Fownes, F.R.S., including Agricultural Che- 

mistry, for the use of Farmers. 4th edition Is* 

2. NATURAL PHILOSOPHY, by Charles Tomiinson. 3rd edition . . 1*. 

3. GEOLOGY, by Col. Portlock, F.R.8., &c. 3rd edition . . 1*. 6d. 

4. 5. MINERALOGY, with Mr. Dana's additions, 2 vols, in 1. 2nd edition 2#. 
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6. MECHANICS, by Charles Tomlinson. 4th edition . . . . 1*. 

7. ELECTRICITY, by Sir William Snow Harris, F.R.S. 3rd edition Is. 6d. 

7*. GALVANISM : ANIMAL AND VOLTAIC ELECTRICITY : Trea- 
tise on the General Principles of Galvanic Science, by the same 1*. 6d . 

8. 9, 10. MAGNETISM, Concise Exposition of, by the same, 3 vols. . 3*. 6d. 

11, II*. ELECTRIC TELEGRAPH, History of the, byE. Highton, C. E., 

double Part ........... 2*. 

12, PNEUMATICS, by Charles Tomlinson. 2nd edition . . . . It. 

13, 14, 15. CIVIL ENGINEERING, by Henry Law, C.E., 3 vols. ; and 

15* Supplement , 4*. 6d. 

16. ARCHITECTURE (Orders of), by W. H. Leeds. 2nd edition . . It- 

17. ARCHITECTURE (Styles of), by T, Bury, Architect. 2nd edition, 

with additional cuts Is. &d. 

18. 19. ARCHITECTURE (Principles of Design in), by E. L. Garbett, 

Architect, 2 vols 2s. 

20, 21. PERSPECTIVE, by G. Pyne, Artist, 2 vols. 3rd edition . . 2*. 

22. BUILDING, Art of, by E. Dobson, C.E. 2nd edition . . . . It, 

23, 24. BRICK- MAKING, TILE-MAKING, &c, Art of, by the same, 2 

vols 2t. 

25, 26. MASONRY AND STONE-CUTTING, Art of, by the same, with 

illustrations 2s. 

27, 28. PAINTING, Art of, or a GRAMMAR OF COLOURING, by George 

Field, 2 vols. 2nd edition 2*. 

29. DRAINING DISTRICTS AND LANDS, Art of, by G. D. Dempsey, 

C. E. 2nd edition Is. 

30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS, Art 

of, by the same. 2nd edition Is. 6d. 

31. WELL-SINKING AND BORING, Art of, by G. R. Burnell, C. E. 

2nd edition . . . • . . 1*. 

32. USE OF INSTRUMENTS, Art of the, by J. F. Heather, M. A. 3rd 

edition 1*. 

33. CONSTRUCTING CRANES, Art of, by J. Glynn, F.R.S., C.E. 2nd 

edition Is. 

34. STEAM ENGINE, Treatise on the, by Dr. Lardner. 5th edition . Is. 

35. BLASTING ROCKS AND QUARRYING, AND ON STONE, Art of, 

by Lieut.-Gen. Sir J. Burgoyne, G.C.B., R.E. 2nd edition . . Is. 

36. 37, 38, 39. DICTIONARY OF TERMS used by Architects, Builders, 

Engineers, Surveyors, Artists, Ship-builders, &c, 4 vols. 2nd edition 4s. 

40. GLASS-STAINING, Art of, by Dr. M. A. Gessert . . . . Is. 

41. PAINTING ON GLASS, Essay on, by E. 0. Fromberg . . . Is. 

42. COTTAGE BUILDING, Treatise on. 2nd edition . . . . It. 

43. TUBULAR AND GIRDER BRIDGES, and others, Treatise on, more 

particularly describing the Britannia and Conway Bridges . . It, 

44. FOUNDATIONS, &c, Treatise on, by E. Dobson, C.E. . . . It. 

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, &c., 

Treatise on, by G. R. Burnell, C.E. 2nd edition . . . .It. 

46. CONSTRUCTING AND REPAIRING COMMON ROADS, Treatise 

on the Art of, by H. Law, C.E. 2nd edition It. 

47, 48, 49. CONSTRUCTION AND ILLUMINATION OF LIGHTHOUSES, 

Treatise on the, by Alan Stevenson, C.E., 3 vols 3t. 

50. LAW OF CONTRACTS FOR WORKS AND SERVICES, Treatise 

on the, by David Gibbons. 2nd edition It. 
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51, 52, 53. NAVAL ARCHITECTURE, Principles of the Science, Treatise 

on, by J. Peake, N.A., 3 toIs 3*. 

53*. LAYING OFF SHIPS, being an Introduction to the Mould Loft of 

Ship-Building, by James Peake Is. 6V. 

53**. THE LARGE OUTLINE ILLUSTRATIONS OF DITTO . ls.Grf. 

54. MASTING, MAST- MAKING, AND RIGGING OF SHIPS, Treatise 

on, by R. Kipping, N.A Is. 6t7. 

54*. IRON SHIP BUILDING, by J. Grantham, C.E 2s. 6V. 

55, 56. NAVIGATION, Treatise on: THE SAILOR'S SEA-BOOK.— 
How to keep the Xog and work it off — Latitude and Longitude — 
Great Circle Sailing — Law of Storms and Variable Winds ; and an 
explanation of Terms used, with coloured illustrations of Flags, 
2 vols. 2nd edition 2s. 

57, 58. WARMING AND VENTILATION, Treatise on the Principles of 

the Art of, by Charles Tomlinson, 2 vols., with the Additions . . 2s. 

59. STEAM BOILERS, Treatise on, by R. Armstrong, C. E. . . . Is. 

60, 61. LAND AND ENGINEERING SURVEYING, Treatise on, by T. 

Baker, C.E., 2 vols 2*. 

62. RAILWAY DETAILS, Introductory Sketches of, by SirM. StephenBon, 

Vol.1 Is. 

62*. RAILWAY WORKING IN GREAT BRITAIN, Rudimentary 
Treatise on ; numerous Statistical Details, Table of Capital and Divi- 
dends, form of Revenue Account, Railway Clearing-house, &c, &c. ; 
by E. D. Chattaway, Vol. II Is. 

63, 64, 65. AGRICULTURAL BUILDINGS, Treatise on the Construction 

of, on Motive Power, and the Machinery of the Steading ; and on 
Agricultural Machinery ; by G. H. Andrews, 3 vols. . . . 3s. 

66. CLAY LANDS & LOAMY SOILS, Treatise on, byProf.Donaldson,A.E. 1*. 

67, 68. CLOCK AND WATCH-MAKING, AND ON CHURCH CLOCKS, 

Treatise on, by E. B. Denison, M.A., 2 vols 2s. 

69, 70. MUSIC, Practical Treatise on, by C. C. Spencer, 2 vols. 2nd edit. 2s. 

71. PIANO-FORTE, Instruction for Playing the, by the same. . . Is. 

72, 73, 74, 75. RECENT FOSSIL SHELLS, Treatise (A Manual of the 

Mollusca) on, by Samuel P. Woodward, and illustrations, 4 vols. • 4s. 

75*. RECENT AND FOSSIL SHELLS, Treatise on, by S. P. Woodward, 

Supplementary Volume, with Plates Is. 6d. 

76, 77. DESCRIPTIVE GEOMETRY, Treatise on, by J. F. Heather, 

M.A., 2 vols 2*. 

77*. ECONOMY OF FUEL, Treatise on, and on Reverberatory Furnaces for 

the Manufacture of Iron and Steam Boilers, by T. S. l'rideaux, Esq. Is. 

78, 79. STEAM AS APPLIED TO GENERAL PURPOSES AND LOCO- 
MOTIVE ENGINES, Treatise on, by J. Sewell, C. E., 2 vols. . 2s. 

78*. LOCOMOTIVE ENGINE, Treatise on, by G. D. Dempsey, C. E. Is. Gd. 

79*. ATLAS OF PLATES to the above, consisting of existing Examples of 

Enginesforthe Broad and Narrow Gauge, theLink Motion, &c, in 4to. 4s.G<f. 

79**. RUDIMENTARY WORK ON PHOTOGRAPHY, the Art of Pro- 
ducing Photographic Pictures on any material and in any colour : 
and also Tables of the Composition and Properties of the Chemical 
Substances ; by Dr. H. Halleur, of Berlin Is. 

80, 81. MARINE ENGINES, AND ON THE SCREW, &c, Treatise on, 

by R. Murray, C. E., 2 vols. 3rd edition . . . . 2s. orf. 

80*, 81*. EMBANKING LANDS FROM THE SEA, The Practice of, 
by John Wiggins, F.G.S., 2 vols 

82 82*. POWER OF WATER, AS APPLIED TO FLOUR MILLS, 

&c, Treatise on the, bv Joseph Glynn, F.R.S., CE. . . . 2s. 
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83. BOOK-KEEPING, Treatise on, by James Haddon, M.A., 2nd edition. Is. 

82**, 83*, 83 (bis). COAL GAS, Practical Treatise on the Manufacture 

and Distribution of, by Samuel Hughes, C.E., 3 vols. . . . 3#. 

82***. WATER WORKS FOR THE SUPPLY OF CITIES AND 
TOWNS, Treatise on, with Description of Works which have been 
Executed, and on Pumping from Wells, by Samuel Hughes, F.G.S., 
C.E., treble volume .......... 3*. 

83**. CONSTRUCTION OF LOCKS, Treatise on the, with illustrations It. 6rf. 

83 (bis). PRINCIPLES OF THE FORMS OF SHIPS AND BOATS, 

by W. Bland, 2nd edition Is. 

84. ARITHMETIC, Elementary Treatise on, the Theory, and numerous 

Examples for Practice, and for Self-Examination, by Prof. J. R. 
Young Is. 6d. 

84*. KEY to the above, by the same It. Gd. 

85. EQUATIONAL ARITHMETIC : Questions of Interest, Annuities, 

and General Commerce, by W. Hipsley, 2nd edition . . • It. 

85*. Supplementary Vol. to the above, containing Tables for the Calcula- 
tion of Simple Interest, together with Logarithms for Compound 
Interest and Annuities, &e., &c, by W. Hipsley . . . .Is. 

86. 87. ALGEBRA, Elements of, for the use of Schools and Self- 

Instruction, by Janics Haddon, M.A., 2 vols 2s. 

86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . Is. 6W. 
88, 89. GEOMETRY, Principles of, by Henry Law, C.E., 2 vols. . . 2#. 

90. GEOMETRY, ANALYTICAL, by James Hann Is. 

91, 92. PLAIN AND SPHERICAL TRIGONOMETRY, Treatises on, by 

the same, 2 vols 2s. 

93. MENSURATION, Elements and Practice of, by T. Baker, C.E. . . Is. 

94, 95. LOGARITHMS, Treatise on, and Tables for facilitating Nautical, 

Trigonometrical, and Logarithmic Calculations, by H. Law, C.E., 

2 vols 2s. 

96. POPULAR ASTRONOMY, Elementary Treatise on, by the Key. 

Robert Main, M.R.A.S . . .Is. 

97. STATICS AND DYNAMICS, Principles and Practice of, by T. 

Baker, C.E Is. 

98,98*. MECHANISM AND PRACTICAL CONSTRUCTION OF MA- 
CHINES, Elements of, by the same, 2 vols, in 1, with Additions 2s. &/. 

99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, Theory and 

Practice of, by Prof. Young. 2 vols.in 1. (TABLES additional, 1*. 6d.) 2s. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse, F.R.A.S. Is. 

101*. WEIGHTS AND MEASURES OF ALL NATIONS ; comprising 
full information of Distances, Weights. Coins, and the various 
Divisions of Time, on Rates of Exchange, &c, by W. S. B. 
Woolhouse, F.R.A.S Is. W. 

102. INTEGRAL CALCULUS, by Homersham Cox, M.A. . . .Is. 

103. INTEGRAL CALCULUS, Collection of Examples of the, by James 

Hann Is. 

104. DIFFERENTIAL CALCULUS, CoUection of Examples [of the, by 

J. Haddon, M.A It. 

105. ALGEBRA, GEOMETRY, AND TRIGONOMETRY, First Mnemoni- 

cal Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A. Is. 6d. 

106. SHIPS' ANCHORS FOR ALL SERVICES, Rudimentary and Com- 

prehensive, by George Cotseil, upwards of 100 illustrations . Is. 6d. 

107. METROPOLITAN BUILDINGS ACT, passed August, 1855, with 

Notes 2s. W. 
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108. METROPOLITAN LOCAL MANAGEMENT ACT, passed August, 

1855, with Notes, and with the Amended Act of 19 & 20 Vict. 1*. &J. 

109. LIMITED LIABILITY AND PARTNERSHIP ACT, passed August, 

1855, together with the required references to the Acts of Victoria 1*. 6d. 

110. SIX RECENT LEGISLATIVE ENACTMENTS, for Contractors, 

Merchants, and Tradesmen. New Edition ...... It 

111. THE NUISANCES REMOVAL AND DISEASES PREVENTION 

ACT ' ' • 1*. 

112. DOMESTIC MEDICINE; or complete and comprehensive Instruc- 

tions for Self- Aid, by M. Raspail, translated for the use of the British 
P ubllc • • . . ls.6d. 

113. USE OF FIELD ARTILLERY ON SERVICE, by Capt. Taubert, 

translated by Captn. H. H. Maxwell Is. 6d. 



SUPPLEMENTARY VOLUMES of the Rudimentary Series, Published 
and Preparing for Publication, for the years 1858 and 1859 

114. RUDIMENTARY TREATISE OF MACHINERY : The Machine in 

its Elements, Practice, and Purpose, by Chas. D. Abel, C.E., wood- 
outs ls.6d. 

115. RUDIMENTARY TREATISE OF MACHINERY, Atlas of Plates 

to ditto, of several kinds of Machines, drawn to scale for practical 
application, 14 plates large 4to is. 6d. 

116. RUDIMENTARY TREATISE ON ACOUSTICS : The Elements, 

Practice, and Distribution of Sound in Public and Private Buildings, 

by G. R. Burnell, Archt. and C.E It. 

117. RUDIMENTARY TREATISE ON THE PRACTICE IN CANAL 

AND RIVER NAVIGATION, by G. R. Burnell, C.E., with 
numerous wood-cuts . It, 6d. 

118. RUDIMENTARY SKETCH OF THE CIVIL ENGINEERING OF 

NORTH AMERICA, by David Stevenson, of Edinburgh, C.E., with 
Plates, Vol. I. 2nd edition 1*. 6d. 

119. Ditto, ditto, Vol. II Is. 6d. 

120. RUDIMENTARY TREATISE ON HYDRAULICS, by G. R. 

Burnell, C.E Is.Sd. 

120*. Ditto, ditto, Part II Is. 6d. 

121. RUDIMENTARY TREATISE ON RIVER ENGINEERING, by 

G, R. Burnell, C.E Is. 6d. 

122. RUDIMENTARY TREATISE ON FLUIDS, by G. R. Burnell, C.E. Is. 

123. RUDIMENTARY TREATISE ON CARPENTRY AND JOINERY, 

edited by E. L. Garbett, Archt., with wood-cuts • . .If. 6d. 

124. RUDIMENTARY TREATISE ON ROOFS FOR PUBLIC AND 

PRIVATE BUILDINGS, by E. L. Garbett, Archt., with plates . 1*. 6d. 

125. RUDIMENTARY TREATISE ON THE COMBUSTION OF COAL 

AND THE PREVENTION OF SMOKE, Chemically and Practically 
Considered, by Chas. Wye Williams, M.I.C.E., with numerous 
wood-cuts. 3rd edition • • * Is. 6d. 

125*. Illustrations to ditto Is. 6d. 

%* The above Supplementary Volumes are of an important character, and add 
considerably to the usefulness of an already admitted and most valuable series 
of technical works : the established reputation of which, and the extensive sale 
in all parts of the world, has given a cheering result of a long and laborious 
task, and on which a very large capital has been expended. 
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MR. WEALE'S 



NEW SERIES OF EDUCATIONAL WORKS. 



i., ii. 

CONSTITUTIONAL HISTORY OF ENGLAND. 2 Vols. By 

W. D. Hamilton. 2*. 

CONSTITUTIONAL HISTORY OF ENGLAND DOWN TO 

VICTORIA. By W. D. Hamilton. 2#. 

T. 

OUTLINES OF THE HISTORY OF GREECE. By E. Levien, 

M.A. Vol. I. It. 

n. 

OUTLINES OF THE HISTORY OF GREECE, VOL, II, 

TO ITS BECOMING A ROMAN PROVINCE. By E. Lkvien, M.A. Is. W. 

vii. 

OUTLINE HISTORY OF ROME. By E. Levien, M. A. Vol L 
1*. 

VULj 

OUTLINE HISTORY OF ROME, VOL. IL, TO THE 

DECLINE. By E. Lkvien. 1*. W. 

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL 

HI8TORY, LITERATURE, ART, AND CIVILISATION, FROM THE 
EARLIEST PERIOD TO 1855. 2 Vols. 2t. Gd. 



GRAMMAR OF THE ENGLISH LANGUAGE, FOR USE 

IN SCHOOLS AND FOR PRIVATE INSTRUCTION. By Hvdk Clarke, 
D.C.L. U. 

xii., zm. 

DICTIONARY OF THE ENGLISH LANGUAGE. A New 

and Compressed Dictionary of the English Tongue, as Spoken and Written, in- 
cluding aoovo 100,000 Words, or 60,000 more than in any Existing Work, and 
including 10,000 Additional Meanings of Old Words. By Hydk Clarke, D.C.L. 
3 Vols, in 1. Zs.Qd. 

XIV. 

GRAMMAR OF THE GREEK LANGUAGE. By H. C. 

Hamilton, la. 

XV., XVI. 

DICTIONARY OF THE GREEK AND ENGLISH LAN- 
GUAGE. By H. R. Hamilton. 2 Vols, in 1. 2*. 

xvii., xvm. 

DICTIONARY OF THE ENGLISH AND GREEK LAN- 
GUAGES. By H. R. Hamilton. 2 Vols. In L 2#. 

XIX. 

GRAMMAR OF THE LATIN LANGUAGE. By T. Goodwist, 

of Greenwich. 1*. 

XX., XXI. 

DICTIONARY OF THE LATIN AND ENGLISH LAN- 
GUAGES, hy T. Goodwin of Greenwich. Vol. I. 2s. 
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xxn., xxm. 

DICTIONARY OF THE ENGLISH AND LATIN LAN, 

OUAOES. By T. Goodwiw of Greenwich- Vol. IL 1/. 6d. 

xxrv. 

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. Strauss, 

late Lecturer at Besancon. Is. 

XXV. 

DICTIONARY OF THE FRENCH AND ENGLISH LAN- 
GUAGES. By A. Elwes. Vol. L 1«. 

XXVI. 

DICTIONARY OF THE ENGLISH AND FRENCH LAN- 

GUAGES. By A. Elwes. VoL II. Is. <W. 

XXVIL. 

GRAMMAR OF THE ITALIAN LANGUAGE. By A. Elwes. U 

xxv nr., xxix. 

DICTIONARY OF THE ITALIAN, ENGLISH, AND FRENCH 

LANGUAGES. By A. Elwes. Vol. I. 2s. 

XXX., XXXI. 

DICTIONARY OF THE ENGLISH, ITALIAN, AND FRENCH 

LANGUAGES. By A. Elwes. Vol. II. 2s. 

xxxil, xxxni. 

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH 

LANGUAGES. By A. Elwks. Vol. III. 2s. 

GRAMMAR OF THE SPANISH LANGUAGE. B) A. 

Elwes. Is. 

xxxv., xxxvi. 

DICTIONARY OF THE SPANISH AND ENGLISH LAN- 
GUAGES. By A. Elwes. VoL I. 2s. 

xxx vn. , xxxvrn. 

DICTIONARY OF THE ENGLISH AND SPANISH LAN- 
GUAGES. By A. Elwes. Vol. II. 2s. 

GRAMMAR OF THE GERMAN LANGUAGE. By Dr. 

Strausb. Is. 

• * 

XL. 

CLASSICAL GERMAN READER, FROM THE BEST 

AUTHORS. 1*. 

xu., xui., xijii. 

DICTIONARIES OF THE ENGLISH, GERMAN, AND 

FRENCH LANGUAGES. By N. E. HAMILTON. 3 Vols. St. 

XLTV., XLV. 

DICTIONARY OF THE HEBREW AND ENGLISH, AND 

ENGLISH AND HEBREW LANGUAGES, Contaikiwo all the Biblical and 
Rabbi nicax Words. 8 Vols, (together with the Grammar, which may bo had 
separately for Is.) By Da. Brbsslau, Hebrew Professor, 10*. 



Digitized by Google 



10 



EDUCATIONAL WORKS. 



THE 



SERIES OF EDUCATIONAL WORKS 

ARE ON SALE IN TWO KINDS OF BINDING). 



HAMILTON'S Outlines of the History of England, 4 vols, in 1, bound in cloth 

Ditto, In half morocco, gilt, marbled edges 

LEVIEN'S History of Greece, 2 vols, iu 1, bound in cloth 

Ditto, in half morocco, gilt, marbled edges 

— History of Rome, 2 vols, in 1, bound in cloth 

— Ditto, in half morocco, gilt, marbled edges 

CHRONOLOGY of Civil and Ecclesiastical History, Literature, Art 



in 1, bound iu cloth 

Ditto, in half morocco, gilt, marbled edges 



CLARKE'S Dictionary of the English Language, bound in cloth 
, in half morocco, gilt, marbled edges . 

— — bound with Dr. Clarko's English Grammar, in cloth 
Ditto, in half morocco, gilt, marbled edges 



HAMILTON'S Greek and English and English and Greok Dictionary 

bound iu cloth 

Ditto, in half morocco, gilt, marbled edges . 

. Ditto, with the Greek Grammar, bound in cloth 

Ditto, with Ditto, in half morocco, gilt, marbled edge* 

GOODWIN'S Latin and English and English and Latin Dictionary 

bound in cloth 

Ditto, in half morocco, gilt, marbled edges . 



- Ditto, with the Latin Grammar, bound in cloth 
Ditto, with Ditto, in half morocco, gilt, marbled edges 



ELWES'S French and English and English and Fi ouch Dictionary 

in clotBT 

Ditto, in half morocco, gilt, marbled edges . 

• Ditto, with the French Grammar, bound in cloth 

Ditto, with ditto, in half morocco, gilt, marbled edges 



. 5*. 

5*. <W. 

. . 3i. Sd. 

. . 4l. 

. 8*. 6d. 

. . U. 

&c., 2 vols. 
. . U. 6d. 



. . 41. 
. it. 6U 

• • a St. 

St. 6d. 

. . «*. 

4 vols, in 1, 
. . . 5*. 
. . St. 6d. 
. 6*. 
. 5*. &d. 

2 vols, in 1, 
. . 4i. 6U 

. St. M. 
. . 6j. 

2 vols, in 1, 

. . to 

. U.6d. 
. 5*. 



FRENCH and English Phrase Book, or Vocabulary of all Conversational Words, 

elaborately set forth for Travelling Use, as a Self- Interpreter, bound . . li. 6<L 
ELWES'S Italian, English, and French,— English, Italian, and French,— French, 

Italian, and English Dictionary, 3 vols, in 1, bound in cloth . . 7*. 6d. 

— Ditto, in half morocco, gilt, marbled edges 8*. 6d. 

. Ditto, with the Grammar, bound in embossed cloth, marbled edges 8s. 6d. 

Ditto, with Ditto, in'half morocco, gilt, marbled edges ... .9*. 

ELWES'S Spanish and English and English and Spauish Dictionary, 4 vols, in 1, 

bound in cloth St. 

— — Ditto, in half morocco, gilt, marbled edgos St. 6d. 

— Ditto, with the Grammar, bound in cloth 6*. 

Ditto, with Ditto, in half morocco, gilt, marbled edgos . . 6«. 6d. 

HAMILTON'S English, German, an I French,— German, French, and English,— 

French, German, and English Dictionary, 3 vols, in 1, bound in cloth . . . it. 

< Ditto, in half morocco, gilt, marbled edges it. 6d. 

— Ditto, with the Grammar, bound in ombossod cloth, marbled edges . St. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . St. 6d. 

BRBSLAU'S Hebrew and English Dictionary, with the Grammar, 2 vols, in 1, 

bound in cloth St. 6d. 



Hebrew 



Ditto, 2 vols, in 1, in half morocco, 9*. 6c?.— With vol. 3, English and 



12*. fi. 



■ 
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GREEK AND LATIN CLASSICS. 

1 ,, . 

PRICE ONE SHILLING PER VOLUME, 
Except in Somo Instances, and those are at I*. &£. or It. cuc-b 

VERY NEATLY PRINT SD ON GOOD PAPER, 

A SERIES OF VpLUMES 

PKINCIPAL GREEK AND LATIN AUTHORS, 

ACCOMPANIED BY 

EXPLANATORY NOTES IN ENGLISH, PRINCIPALLY SELECTED FROM 
THE BEST AND MOST RECENT GERMAN COMMENTATORS, 

AND COMPRISING 

All those Works that are essential for the Scholar and the Pupil, and 
applicable for use at the Universities of Oxford, Cambridge, Edinburgh, 
Glasgow, Aberdeen, and Dublin, — the Colleges at Belfast, Cork, Qalway, 
"Winchester, and Eton, and the great Schools at Harrow, Rugby, Ac., — 
also for Private Tuition and Instruction, and for the Library. 

1 Vols. 1, 2, 8, 4, 5, 6, 7, 8, 9, 14, 16, 17 of the Latin Series have appeared. 
Of the Greek Series, vols. 1, 2, 3, 4, 5, 6, 7, 9, 18, 41 also have been 
published, and will be regularly continued. 



LATIN SERIES. 

L A New LATIN DELECTUS, or Introductory Classical Reader, consisting of 
Extracts from the best Authors, Mystcmaticaily arranged: accompanied by 
Grammatical and Explanatory Notes and Copious Vocabularies. 

2. CAESAR'S COMMENTARIES ON THE OALLIC WAR: with Grammatical 
and Explanatory Notes in English, and a complete Geographical Index. 

• CORNELIUS NEPOS ; with English Notes, <fcc. 

4. VIRGIL. The Oeoroics, Bucolics, and doubtful Works; with English Notes, 
chiefly from the German. 

. VIRGIL'S ^ENEID (on the same plan as the preceding). 

" HORACE. Odes and Epodes ; with English Notes, an Analysis of each Oda^ 
and a full explanation of the metres. 

7. HORACE. Satires and Epistles, with English Notes, &c 

8. 8ALLUST. Conspiracy or Catiline, and Juourthinh War. 
6. TERENCE. Andria and Heautontimordmenos. 

10. TERENCE. Phormio, A Delphi, and Hecyra. 

11. CICERO. Orations: against Catiline, for Sulla, for arc.iia*, and ro« 

the Manilla* Law. 

i 
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12. CICERO. First and Second Philippics ; Orations for Milo, for Ma-roxixttb, 

AND FOR LlOAIUUS, 

IB. CICERO. De Officiis. 

14. CICERO. Ds Amicttia, dk Senectute, and Brutus. 

15. JUVENAL AND PERSIUS. 

16. LIVY. Books L to V., in 2 parts. 

17. LIVY. Books XXI. and XXII. 

18. TACITUS. Agricola ; Gbrmania ; and Annals, Book I. 

19. SELECTIONS FROM TIBULLUS, OVID, PROPERTIUS, AND LUCRETIUS, 

20. SELECTIONS FROM SUETONIUS, AND THE LATER LATIN WRITERS. 



QREEK 

L INTRODUCTORY GREEK 
READER On the same plan as 
the Latin Reader. 

2. XENOPHON. Anabasis, I., II., III. 

8. XENOPHON. Anabasis, IV., V, 
VI., VII. 

4. LUCIAN. Select Dialogues. 

5. HOMER, Iliad, I. to VL 

6. HOMER, Iliad, VII. to XII. 

7. HOMER. Iliad, XIII. to XVIII. 

8. HOMER, Iliad, XIX. to XXIV. 

9. HOMER. Odyssey, I. to VI. 

10. HOMER. Odyssey, VII. to XII. 

11. HOMER. Odyssey, XIIL to XVIII. 

12. HOMER. Odyssey, XIX. to XXIV.; 

and Hymn 8. 

13. PLATO. Apology, Crtto, and 

PlLKDO. 

14. HERODOTUS, I., IL 

15. HERODOTUS, III., IV. 

!<}. HERODOTUS, V., VI., and part of 
VII. 

17. HERODOTU8. Remainder of VIL, 
VIII., and IX. 

IS. SOPHOCLES. OEdipus Rex. 

19. SOPHOCLES. GSdipus Coloneus. 

20. SOPHOCLES. Antigone. 

21. SOPHOCLES. Ajax. 

22. SOPHOCLES. Philoctetes. 



SERIES. 

23. EURIPIDES. Hecuba. 

24. EURIPIDES. Medea. 

25. EURIPIDES. Hippolytus. 

26. EURIPIDES. Alcestdj. 

27. EURIPIDES. Orestes. 

23. EURIPIDES. Extracts from the 
Remaining Plays. 

29. SOPHOCLES. Extracts from the 

Remaining Plays. 

30. ^SCHYLUS. PrometheusVinctus. 

31. iESCHYLUS. Persjl ' 

32. ^SCHYLUS. Septrm contra The- 

bas. 

33. ^SCHYLUS. Chobphor^ 

34. ^SCHYLUS. Eumenides. 

35. iESCHYLUS. Agamemnon. 

36. JESCHYLUS. Suppliobs. 
87. PLUTARCH. Select Lives. 
83. ARISTOPHANES. Clouds. 
89. ARISTOPHANES. Frogs. 

40. ARISTOPHANES. Selectionsfrom 

the Remaining Comedies. 

41. THUCYDIDE8, I. 

42. THUCYDIDES, II. 

43. THEOCRITUS. Select Idyls. 

44. PINDAR 

45. ISOCRATES. 

46. HESIOD. 



CATALOGUE OF BOOKS 

IN 

ARCHITECTURE ; CIVIL, MECHANICAL, MILITARY, 
AND NAVAL ENGINEERING; 

Together with valuable Works on similar subjects, imported from Austria, Bavaria, 
France, and Italy ; and a selection of most interesting Subjects of Photographic Views 
of the principal Public Buildings in Italy. In 8vo., price 6d. t and by post 7<t. 
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In one Volume large Sco., with 13 Plates, Price Gnu Guinea, 

in half-morocco bintling, 

MATHEMATICS 

FOR 

PRACTICAL MEN: 




A COMMON-PLACE BOOK 

OF 

PURE AND MIXED MATHEMATICS, 

DESIGNED CHIEFLY FOR THE USE OF 

CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 



BY OLINTHUS GREGORY, LL.D., F.R.A.S. 



THIRD EDITION, REVISED AND ENLARGED. 
BY HENRY LAW, 

CIVIL KfaHTESR. 
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CONTENTS. 



PAKT I.— PURE 
CHAPTER I. — Arithmetic. 

Sbct. 

1. Definition! and Notation. 

2. Addition of Whole Numbers. 
8. Subtraction of Whole Numbers. 

4. Multiplication of Whole Numbers. 

5. Division of Whole Numbers. — Proof of 

the first Four Rules of Arithmetic. 
61 TT ulgar Fractions.— Reduction of Vul- 
var Fractions. — Addition and Sub- 
traction of Vulgar Fractions. — Mul- 
tiplication and Division of Vulgar 
Fractions. 

7. Decimal Fractions. — Reduction of 

Decimals. — Addition and Subtrac- 
tion of Decimals. — Multiplication 
and Division of Decimals. 

8. Complex Fractions used in the Arts 

and Commerce. — Reduction. — Addi- 
tion. — Subtraction and Multiplica- 
tion. — Division. — Duodecimals. 

9. Powers and Koota. — Evolution. 

10. Proportion. — R ile of Three.— Deter- 

mination of P. -.tios. 

11. Logarithmic Arithmetic. — Use of the 

Tables. — Multiplication and Division 
by Logarithms. — Proportion, or the 
Rule of Three, by Logarithms. — 
Evolution and Involution by Log- 
arithms. 

12. Properties of Numbers. 

CHAPTER IL— Aloxbra. 

1. Definitions and Notation. 

2. Addition and Subtraction. 

3. Multiplication. 

4. Division. 

5. Involution. <^ 

6. Involution. 

7. Surds. — Reduction. — Addition, Snb- 
-j traction, and Multiplication. — Di- 
vision, Involution, and Evolution. 

8. Simple Knuations. — Extermination.—- 

Solubn" *»f General Problems. 



MATHEMATICS. 

Sbct. 

9. Quadratic Equations. 

10. Equations in General. 

11. Progression. — Arithmetical Progret 

sion. — Geometrical Progression. 

12. Fractional and NegatWe Exponents. 

13. Logarithms. 

14. Computation of Formulae. 

CHAPTER III.— GEoaiTRT, 

1. Definitions. 

2. Of Angles, and Right Lines, and their 

Rectangles. 

3. Of Triangles. 

4. Of Quadrilaterals and Polygons. 

5. Of the Circle, and Inscribed and Crc- 

cumscribed Figures. 

6. Of Planes and Solids. 

7. Practical Geometry. 

CHAPTER IV.—Mkn3c ratio if. 

1. Weights and Measures. — 1. Measures 

of Length. — 2. Measures of Surface. 
—3. Measures of Solidity and Ca- 
pacity. — 4. Measures of Weight — 
6. Angular Measure. — 6. Measure of 
Time. — Comparison of English and 
French Weights and Measures. 

2. Mensuration of Superficies. 

3. Mensuration of Solids. 

CHAPTER V.— Trigonometry. 

1. Definitions and Trigonometrical For- 

mulae. 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plane Trian- 

gles. — Right-angled Plane Triangles. 

5. On the application of Trigonometry 

to Measuring Heights and Distance!. 
— Determination of Heights and 
Distances by Approximate Mechani 
cal Methods. 
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CHAPTER VI.— Coirao Skotiosb. } 

Sacr. 

1. Definitions. 

2. Properties of the Ellipse.— Problems 

relating to the Ellipse. 

3. Properties of the Hyperbola. — Pro- 

blems relating to the Hyperbola. 

4. Properties of the Parabola. — Problems 

relating to the Parabola. 



CHAPTER YII. — PaopxRTDS of 

CUEVWL 

Sbct. 

1. Definitions. 

2. The Conchoid. 

3. The Cissoid. 

4. The Cycloid and Epicycloid. 

5. The Quadratrix. 

6. The Catenary.— Tables of Relation 

of Catenarian Curves. 



PART II. — MIXED MATHEMATICS. 



CHAPTER I. — Mechanics is Ginkral. 

CHAPTER II.— Statics. 

1. Statical Equilibrium. 

2. Center of Gravity. 

3. General application of the Principles 

of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments. — Pressure of Earth 
against Walls. — Thickness of Walls. 
—Equilibrium of Polygons. — Sta- 
bility of Arches. — Equilibrium of 
Suspension Bridges. 

CHAPTER III.-Dtramics. 

1. General Definitions. 

2. On the General Laws of Uniform and 

Variable Motion. — Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Gravity — Motion 
over a fixed Tullcy. — Motion on 
Inclined Planes. 

3. Motions about a fixed Center, or Axis. 

— Centers of Oscillation and Per- 
cussion. — Simple and Compound 
Pendulums. — Center of Gyration, 
and the Principles of Rotation. — 
Central Forces. — Inquiries connected 
with Rotation and Central Forces. 

4. Percussion or Collision of Bodies in 

Motion. 

5. On the Mechanical Powers.— Levers. 

—Wheel and Axle.— Pulley.— In- 
clined Plane.— Wedge and Scr:w. 



CHAPTER IV.— Hydrostatics. 

1. General Definitions. 

2. Pressure and Equilibrium of Non- 

elastic Fluids. 

3. Floating Bodies. 

4. Specific Gravities. 

5. On Capillary Attraction. 

CHAPTER V.— nYBItODYKAMIC* 

1. Motion and Effluence of Liquids. 

2. Motion of Water in Conduit Fipes 

and Open Canals, over Weirs, &c. — 
Velocities of Rivers. 

3. Contrivances to Measure the Velocity 

of Running Waters. 

CHAPTER VI.— Pheumatics. 

1. Weight and Equilibrium of Air m;d 

Elastic Fluids. 

2. Machines for Raising Water by the 

Pressure of the Atmosphere. 

3. Force of the Wind. 

CHAPTER VII.— Mechanical Aqfjtts. 

1. Water as a Mechanical Agent 

2. Air as a Mechanical Agent — Cou- 

lomb's Experiments. 

3. Mechanical Agents depending upon 

Heat The Steam Engine. — Table 
of Pressure and Temperature, of 
8team.— General Description of the 
Mode of Action of the Steam Engine. 
— Theory of the Steam Engine. — 
Description of the varioua kind9 cf 
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Engines, and the Formulae for calcu- 
lating their Power. — Practical appli- 
cation of the foregoing Formulae. 
4. Animal Strength as a Mechanical Agent 

CTIAPTER VIII.— Strength of 
Materials. 

1. Results of Experiments, and Principles 

upon which they should be practically 
applied. 

2. Strength of Materials to Resist Tensile 

and Crushing Strains. — Strength of 
Columns. 



Skct. 

3. Elasticity and Elongation of Bodies 

subjected to a Crushing or Tensile 
Strain. 

4. On the Strength of Materials subject* 

to a Transverse Strain. — Longi 
tudinal form of Beam of uniform 
Strength. — Transverse Strength of 
other Materials than Cast Iron. — 
The Strength of Beams according to 
the manner in which the Load is 
distributed. 

5. Elasticity of Bodies subjected to a 

Transverse Strain. 

6. Strength of Materials to resist Torsion. 



APPENDIX 

* 

I. Table of Logarithmic Differences. 
II. Table of Logarithms of Numbers, from 1 to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000. 

IV. Table of Logarithmic Sines, Tangents, Secants, Ac. 

V. Table of Useful Factors, extending to several places of Decimals. 

VI. Table of various Useful Numbers, with their Logarithms. 

VII. A Table of the Diameters, Areas, and Circumferences of Circles and also the 
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